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Description 

Background of the Invention 

The use of high resolution optical imagery systems, as in photolithographic systems for the semiconductor 
industry and microscope systems for a wide variety of applications, has continued to grow despite the avail- 
ability of other technologies, such as high resolution systems based upon atomic particle matter typified by 
electron beams or X-rays. The greater cost and lower operating convenience of these latter systems, as well 
as the longer times required for the formation of images, establish that the optical Imagery systems will remain 
preferable for many applications for the foreseeable future. However, constantly Increasing requirements for 
more precise technology have taken the optical imagery systems virtually to the limits of resolution values 
which can be achieved with refractive optics. For example, very large scale integrated circuits are constantly 
being reduced in size and made with higher component density, an objective measure of which is the minimum 
fine width specification. Whereas one micron linewldths were suitable until recently, present objectives in the 
industry contemplate linewidths weB down into the submlcron category, of less than 0.5 microns and even 0.3 
microns. This requires a line resolution for a refractive optical system of the order of several thousand lines 
per millimeter, which has not heretofore been achievable with an optical Imaging system of suitable aperture 
and depth of field. 

In response to these problems the optical Industry has devised progressively more sophisticated multi- 
element lens systems using advanced lens design computer programs. The advanced level of the state of the 
art is exemplified by the so-called "Mine" tens system, which utilizes a complex configuration of some twenty 
refractive elements of highest quality glasses. The best that this system can achieve, however, is in the range 
of 0.7 micron linewidth resolution, because the multiple factors involved in complex lens design (chromaticism, 
coma, astigmatism, spherical aberration being included), together with the problems of achieving sufficient uni- 
formity and adequate wave energy at the target, establish ultimate limitations that are presently at about 0.7 
micron linewidth. There are also inherent limitations on manufacture when dealing with this order of precision. 
For example, the best diamond turning procedures still leave optical surfaces too rough for operation at short 
wavelengths (e.g. ultraviolet). 

The semiconductor industry, however has devised many production and inspection procedures based 
upon optical imaging systems, and would prefer to use these for the specific advantages they provide. For 
example, in preparing the successive layers on a silicon or other wafer, a "wafer stepper" system is employed 
incorporating the high resolution refractive optics. There is a different precision photomask for each layer to 
be formed. The wafer is first covered with a layer of photosensitive material of the type on which an image can 
be fixed by exposure to a suitable amount of light energy. The wafer stepper mechanism then precisely and 
sequentially places the wafer at chosen matrix positions relative to an optical axis. At each position In the matrix 
pattern on the wafer, an exposure ts made through the photomask, with the optical system typically reducing 
the Image a selected amount, usually five or ten times. Inherent requirements for this type of system are that 
the light energy be adequate for each exposure, that the exposed image be uniform across the image, that 
the depth of field be sufficient and that the resolution meet the specifications of the design. These require- 
ments are not easily met in combination, because the very small size of the images and the extreme precision 
that are required greatly restrict the design alternatives that are available. Once the exposure is made at all 
positions in the matrix and the unfixed material is washed off, the Images can be checked for accuracy and 
uniformity of reproduction. Optical microscopes are usually employed for checking, on a statistical basis, the 
characteristics of the various images. The Inspection may comprise one or more of a combination of procedures 
involving automatic or operator measurement of linewldths or other characteristics, but all of these procedures 
entail precise and high resolution magnification of the image. 

The problems of obtaining higher resolution optical imagery systems of practical applications thus appear 
to have approached a limit. Whether or not such limit ultimately is found to be insurmountable with more com- 
plex multi-element lens systems remaps to be seen. Some substantially different approach appears to be 
needed, however, that would free optical imagery systems from the constraints on design and manufacture 
that are inherently imposed in reconciling many higher order terms involved in optical design equations. Ten- 
tative movements in this direction were made a number of years ago in proposals that an aspherica) element 
of a special character be Introduced into the lens system. These proposals are beat evidenced in an article by 
Kenro Miyamoto entitled The Phase Fresnel Lens*, presented at the November 1960 meeting of the Optical 
Society of America and subsequently published In the Journal of the Optical Society of America . January 1 961 , 
pp. J 7-20. In that article, Miyamoto also referenced earlier articles of philosophically similar nature. He prin- 
cipally suggested that a "phase Fresnel tens" be inserted in the pupil plane of an optical system to deform the 
wavef ront surface passing therethrough so as to compensate, for example, for spherical aberration. His pro- 
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posals were general In nature with no consideration being given to problems of achieving high transmission 
efficiency, high resolution such as would approach the needs of the semiconductor Industry, or adequate depth 
of field. Miyamoto, in an example, suggested the use of single layer thin film rings of a minimum radial dimen- 
sion of 0.63 mm. He did not address the difficulties involved In fabricating a more precise system, i.e. a blazed 
3 transmission grating. 

Miyamoto asserts that a phase Fresnel lens can be made to deform a wave surface by an amount: 

<MM - (k-l) 

where K * 1, 2,...m, where the amount of deformation In all zones Is smaller than X, by depositing a (single) 
thin film covering various circular zones. He then asserts that a wave surface thus deformed Is "quite equiv- 

10 aient* to a lens which deforms the wave surface by the amount $(u,v). 

His equations describe a perfectly blazed phase grating yet his description of his method using a single 
thin film leads to the creation of a binary phase grating, which might also be called a "phase reversal zone 
plate". This type of grating can only function to provide alternation of phase delays between two values. 
The phase reversal zone plate was studied by Marvin H. Horman in an article entitled "Efficiencies of Zone 

is Plates and Phase Zone Plates", published in Applied Optics . November 1967, pp. 2011-2013. Horman defines 
the efficiency of a zone or phase plate as the "percentage of the flux in the illuminating wavef rent which goes 
to their principal images", and using this definition he gives the first order efficiency of the phase reversal zone 
plate as 40.5%. Horman notes that the efficiency of a phase Fresnel lens, If It could be built, would approach 
1 00%. Fabrication of a phase Fresnel lens of high efficiency, working In conjunction with highly corrected op- 

20 tics, however, has apparently not been attempted or reported in the intervening years. Triangular profile plates 
for independent use as micro lenses have been made for certain applications. 

The Miyamoto proposal thus Is recognized as offering the possibility for greater freedom of lens design, 
but as far as is known from the literature was never implemented. This was probably due to a combination of 
reasons including limitations perceived as to the advantages to be derived, the difficulty of fabrication of the 

2S phase Fresnel lens in the form described, other advances in optical design using solely refractive optics, and 
a lack of appreciation of much more complex factors Inherent In the problem. For example, there can be a sub- 
stantial variation In efficiency between the parallel and orthogonal components of incident light with grating 
blaze angle. Also, Miyamoto failed to appreciate, or at least discuss, the important role that temporal coherence 
of the individual spectral components plays in maintaining the resolution or space-bandwidth product of a 

30 phase Fresnel lens. It is shown hereafter that by properly considering, in the manipulation of wavef ront aber- 
ration, factors including wave component distributions, the precise distribution of the illuminating energy, and 
local, temporal and spatial rearrangement of phase relationships, together with a coacttve refractive lens con- 
figuration, the resolution of an optical imagery or readout system can be increased beyond levels previously 
thought unattainable, with useful depth of field and high efficiency. 

35 The same principles upon which high resolution optical imagery or readout can be achieved by combina- 
tions of phase gratings and optical refractive elements can also be used In other optical applications. These 
include microscopy and optical transform functions, conical axicon phase gratings in combination with a sphe- 
rical object lens, cylindrical phase gratings in combination with conventional cylindrical tenses, and toroidal as- 
pheric grsting lenses. Conical axicon phase gratings can be particularly useful in combination with optical re- 

40 tractive elements to provide a narrow line of light of predetermined length for an optical disk recording or read- 
out device, eliminating the need for an autofocus system. The ability to correct wavefront aberrations precisely 
can in other words be of potential benefit wherever refractive optics limits are approached provided that the 
particular spectral characteristics of phase plates are recognised and accounted for in the system design. 
US-A-4 637 697 discloses a contact lens of which one surface id stepped, optionally in the form of rings 

45 each comprising several successive steps, in order to provide d if tractive focusing of light of a selected colour. 

US-A 4 435 041 , on which the preamble of claim 1 Is based, discloses a system for deflecting a multi-wa- 
velength light beam, in which the Input light beam is deflected and dispersed by a diffraction grating of con- 
trollably variable periodicity. A multi-element lens system, which may include a fresnel lens, compensates for 
the chromatic dispersion to produce an output beam that is substantially collimated, with the different colours 

so either side-by-side or superimposed, but that Is deflected from its original path. 

The invention provides a system for producing an image comprising the features defined in Claim 1. 
The transmission grating mean9 is advantageously at a critical aperture of the system. The grating element 
and other components are preferably illuminated monochromaticalty by a multiplicity of distributed spatially 
incoherent but temporarily coherent sources In such a manner as to Introduce Incrementally varying phase re- 

55 tardatlon. These incremental variations vary nonllnearly but in controlled fashion throughout the Illuminating 
field, forming a composite wavef ro nt which compensates for selected aberrations. In an optical imaging system 
the compensation is not only for predet rmined spherical aberration but also predetermined chromatism in the 
refractive optics. Wave retardation Is effected by the transmission grating. Areal organization of the segments 
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may include phase reversals or 90° phase shifts and transmlssrvlty changes to modify the wavefront compo- 
nent interactions so as to create a number of interrelated pupils whose composite effect can be, for example, 
increased depth of field, better contrast, and improved resolution. 

In one example of an imaging system according to the invention, an illuminator is employed that comprises 
a monochromatic light source, means for distributing the beam evenly throughout an extended beam area and 
means for establishing temporal coherence of the waves at above a predetermined minimum, but with spatial 
coherence effectively eliminated. The phase plate in this instance comprises a light tranamissive element hav- 
ing a plurality of concentric rings, each having multiple plateaus varying by Incremental wavelength fractions, 
the plateaus of a ring together providing low angle bending (not exceeding 5°) of the local wavefront The phase 
plate Is disposed at the critical aperture of a refractive optics system, the design of which Is Integrated with 
the phase plate and thereby simplified. The refractive optics may, for example, include a coltimating lens por- 
tion and an objective lens portion but are typically designed with relatively few elements having known but lim- 
ited aberrations acceptable within overall limits for the system. The phase plate is fabricated by microlitho- 
g rap hie techniques so as Id provide rings of varying radii with successive plateau levels within each ring. By 
changing the step relationship of plateaus in different ring groupings the phase relationship of waves passing 
through different subdivisions of the phase plate is selectively reversed or changed by 90° to provide a number 
of pupils. Some rings or groups of rings may be rendered opaque or partially transmlsalve so that light from 
certain areas can be blocked or attenuated. Thus the spatial distributions and phase relationships of the illu- 
mination from the multiplicity of tight sources are restructured so that the composite waveform Is precisely re- 
constituted to cancel out the permitted aberration in the refractive optics. By this system and method resolution 
of the order of 2.500 lines per millimeter, high efficiency transmission, high depth of field and excellent contrast 
are achieved. The refractive optics used in the system not only require substantially fewer elements but the 
design procedure can accommodate greatertolerance forspea'f ic characteristics, such as spherical aberration 
and crtromaticity. 

To achieve high beam intensity, evenness of intensity distribution, and achromatism a pulsed laser is a 
preferred illuminator source for semiconductor fabrication operations. However other sources, such as mercury 
arc systems, can be used In conjunction with conventional methods for overcoming Intensity distribution, fil- 
tering and chromatism problems. 

The illuminator in one specific example comprises in excimer laser and etalon tuning cavity combination 
operating in the ultraviolet range, as at 248 nm, to provide bursts of light energy that have temporal coherence 
to in excess of 50,000 waves. The bursts of illuminating light energy are passed through a phase randomizer 
comprising a pair of spaced apart random phase plates and an intermediate beam shifting device which dis- 
tributes spatially incoherent multiple light sources in a statistically uniform manner at the photomask or object 
plane. The phase plate is configured to provide of the order of 3' of bending of the local wavefront with high 
efficiency transmission of first order waves, and In a preferred configuration includes a six zone-pupil config- 
uration defined by segments of alternating phase, achieved by selective reversal of the plateau progressions 
in the phase plate subdivisions. More than one phase plate can be arranged In a system, with one being dis- 
posed at the critical aperture and the others adjacent along the beam path to provide particular a6pheric char- 
acteristics. With a 248 nm source, the maximum thickness of the phase plate plateau regions is limited to ap- 
proximately 0.427 microns, the individual plateaus being only of the order of 1 .5 microns wide at the narrowest 
ring. The temporal coherence in the wavelets is maintained at approximately 50 times greater, or more, than 
the maximum phase delay introduced by the multi-plateau regions. 

A number of different systems in accordance with the invention illustrate the versatility of the concept In 
a microscope system, for example, light directed from an illuminator system onto an object under examination 
is imaged with higher resolution than heretofore by using a phase plate which Is at the critical aperture and 
compensates for aberrations of refractive elements in the system, as well as spherical aberrations Introduced 
by a transparent cover plate over the specimen under examination. In an axicon type of system, a phase plate 
in accordance with the Invention is configured to cooperate with one or more spherical elements so as to bring 
planar waves into conical focus. The converging waves create the relatively long needle of light along the optical 
axis that characterizes the axicon design. In the cylindrical lens system, wavefront compensation is effected 
by parallel rather than concentric plateaus, again for higher resolution and precision. 

Further, the phase plate may advantageously Include an outer annular region of concentric rings defining 
separate light bending gratings and fiducial patterns. Coherent light of a different wavelength (e.g. a red wa- 
velength) than the Image wavelength can be transmitted through different portions of this outer annular region 
for use In alignment of the target surface relative to the projected Image, without affecting the photosensitive 
surface. 

Phase plates for use in imaging systems in accordance with the invention may be fabricated by preparing 
photomasks or direct writing to define ring patterns of desired character for each of a succession of deposition 
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or etching steps, preferably arranged in Wnary progressl n. For example, three successive steps can be used 
to define deposition layers for one, two and four plateau heights, to provide cumulatively a progression of from 
zero level to seventh level plateaus, using a series of three photoresist, wash and deposition subsequences. 
Each deposition subsequence may, for example, add an incremental fraction of a wavelength difference of 
high purity silica, with predetermined radial variations between the rings. Thus a phase plate may be construct- 
ed having approximately 1 ,600 rings, each of eight plateau levels, on an element of the order of 1 0 centimeters 
in diameter. This size is of the range needed for current wafer stepper equipment that can produce the large 
wafers and high resolution required for modern semiconductor products. A complementary binary sequence 
may alternatively be used, but based upon etching Instead of deposition of the layers. 

The outer annular rings used with a second wavelength source for target alignment are similarly formed, 
recorded from the phase mask or written directly at the same time as the rings in the image area. The outer 
rings are however deposited separately because the wavelength and consequently the required layer thick- 
nesses are different 

A slightly smoother and more efficient blaze angle may be formed on the grating by creating a succession 
of 1 6 plateau heights using four binary masks to define a progression from 0 to 1 5 levels sized to create optical 
phase delays from 0 to 15/1 6 wavelength. Similarly, coarser and less efficient gratings may alternatively be 
created for specific applications using only four plateau levels. 

Different sets of dlffractlve or reflective rings are also advantageously deployed on the phase plate. For 
this purpose the elements is Initially overlaid, at least in certain regions, with a base (e.g. chrome) layer. The 
rings are defined by scribing during rotation or by photo-etch techniques. 

One set of rings may form a number of groups of lens centering and spacing gratings. These gratings are 
positioned and specially configured with respect to different individual lens elements, or subgroups of the lens 
elements. They provide a focused beam at the optical axis when colllmated light is directed through them at 
the critical aperture and the lens elements in the chosen lens subgroup are properly positioned. Thus the cen- 
tration and axial position of each lens can be precisely referenced as It is added into the assembly. 

A second set of reflective rings may Initially be written as an outer peripheral grouping concentric with a 
nominal axis that Is to serve as the center for subsequent patterns. This ring set serves as a fiducial reference 
for photomasks or for compensating for eccentricity of the phase plate when separate tracks are being directly 
written during fabrication of the phase plate in a rotating system. 

The precision required in placing the multi-plateau rings on the phase plate in order to achieve sub-micron 
resolution imposes very stringent requirements on whatever writing technique is used. These requirements 
may be met utilizing the phase plate itself, by generating a third set of reflective rings near the center. Although 
the center of rotation is initially arbitrarily chosen, within limits, its position is precisely determined after writing 
of the reflective rings by scanning the rings on both sides of the center line while taking wave fringe measure- 
ments with an interferometer as each reflective ring is passed. Using the Inner rings and outer rings In similar 
fashion, a precise reading can also be obtained of the number of fringes between their nominal positions. From 
these readings, calibrations can be made using precise corrections for Immediately existing temperature, pres- 
sure and velocity of light, so that rings can be placed with an accuracy of the order of 1/30 micron. 

A particularly effective direct writing system uses an air spindle supported by air bearings on a base. A 
unidlrectionally movable carriage is shifted relative to the spindle by a control system to different track writing 
positions for a writing laser beam. An eccentricity sensor system mounted adjacent to the spindle projects an 
image of the outer fiducial rings into a pattern and detects sinusoidal variations in the resultant signals when 
the phase piate is not precisely centered. The signal variations are used to deflect the laser writing beam so 
as to compensate for eccentricity variations during rotation. The peripherally supported phase plate can be 
adjusted to within the range of 1 micron by visual means, and the eccentricity correction can bring this down 
to about 0.1 microns or less. This system Improves the precisian with which individual phase plates can be 
fabricated so as to correct for specific lens assemblies, beyond the precision of a conventional contact printing 
process. Also, because the phase plates can be placed on and removed from the air spindle for application of 
photoresist, processing and deposition or etching without incurring large cent ration or cumulative errors. 

Brief Description of the Drawings 

A better understanding of the invention may be had by reference to the following description, taken In con- 
junction with the accompanying drawings, In which: 

Fig. 1 1s a simplified schematic and block diagram view of the principal elements of a system in accordance 
with the invention incorporating an illuminator and a phase plate; 

Fig. 2 is a front view of a portion of a phase plate that may be utilized in the system of Fig. 1 . showing the 
general ring dispositions thereon in somewhat idealized form; 
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Fig. 3 Is a side sectional, fragmentary view of a portion of the phase plate, showing plateau variations there- 
in and compensation of wavef ront variations; 

Fig. 4 is another side sectional fragmentary view similar to Fig. 3, but showing a different aspect of wa- 
vef ront compensation; 

5 Rg. 5 is an enlarged side sectional fragmentary representation of a phase illustrating the inner and outer 

grating rings in addition to the plateaus; 

Fig. 6 Is another fragmentary side sectional view of a phase plate showing the manner in which phase 
reversal fa Incorporated; 

Rg. 7 Is a block and schematic diagram showing further details of a wafer alignment system for use in the 
w system of Fig. 1; 

Rg. 8 is a sectional and block diagram view showing a direct write system for making a phase plate in ac- 
cordance with the invention; 

Rg. 9, comprising separate segments 9A to 9F, is a representation of separate steps that may be used in 
forming a phase plate by deposition; 
is Rg. 10, comprising separate segments 10A to 10F, is a representation of separate steps that may be used 

in forming a phase plate by etching; 

Fig. 11 is a plan view of a portion of a photomask that may be used in making a phase In accordance with 
the Invention; 

Rg. 12 depicts in Rgs. 12A to 12C separate steps that may be used in alignment of the lens elements In 
20 a system; 

Rg. 13 is a side schematic view of an example of a system for high resolution microscopy in accordance 
with the invention; 

Fig. 14 is a side schematic view of an axicon-type system in accordance with the invention for providing 
a needle-tike line of light along an axis; 
?5 Rg. 15 is a simplified perspective view of a cylindrical lens system using a phase plate in accordance with 

the invention; and 

Fig. 16 Is a plan view of the system of Rg. 15. 
Detailed Description of the Invention 

30 

The schematic and generalized representation of Fig. 1 cannot, because of differences in scale and pro- 
portion, depict both the larger elements of the system and the microdistribution of the wave energy and its 
spatial disposition within the system. Reference must be made to other Figures for a better understanding of 
such features and relationships, even though such Rgures also cannot present relative sizes in a way which 

35 preserves true proportions. 

The system Is depicted as arranged for use with an optical imagery unit such as a wafer stepper, for ade- 
quately Illuminating a photoresist surface with an extremely detailed very high resolution image. Details of the 
control, positioning, autofocus and associated mechanisms of the water stepper are known and are not includ- 
ed for brevity. Energizing light of a specific character is generated starting with an illuminator 1 0 including an 

40 exci mer laser 1 2 of the KrF type, generating a rectangular beam of approximately Gaussian distribution at 248 
nm in the ultraviolet region. The exci mer laser 12 generates a pulse series, at approximately 150 pulses per 
second, each pulse being of 1 .2 x 10-* seconds in duration and about 375 mJ/putse. As is shown hereafter, 
this system can direct radiation of sufficient intensity onto a photoresist layer to record an image, and can do 
so within a usefully short time since the optical Imaging system is of sufficiently high efficiency. A suitable 

45 laser of this type Is provided by the Lumonics Hyperex-460 Model HE-SM excimer laser, although a number 
of other systems are available that can be utilized with appropriate recognition of various factors enumerated 
hereafter. 

The beam from the laser 12 is spatially coherent to a substantial degree, and temporally coherent to about 
1 part in 620. factors which are not consistent with the spatial and temporal distributions desired. Accordingly, 

so the laser 1 2 operates in conjunction with a resonant tuning cavity, generally referred to as an etalon 14, which 
can raise the Q and the predictability of the lightwave train to be in step for as much as 124,000 wavelengths. 
Alternatively a laser with intracavity etalon tuning may be used to produce the same degree of temporal co- 
herence. However, excessive tuning is not desirable because of the possibility of Introduction of interference 
fringe effects, so that the etalon 14 is slightly detuned to reduce the temporal coherence to In the range of 1 

55 in 10,000 wavelengths. The reasons for such modifications are discussed In more detail hereafter. 

After emergence from the laser 12 the beam Is enlarged in a double-prism beam expander 16 which turns 
the rectangular beam of the excimer laser 12 into a square beam about 1" on a side. This beam passes into a 
spatial coherence randomizer 18 which includes a first quasi-random phase surface 19 defined by quasi-ran- 
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dom patterns of SI0 2 deposited on an SI0 2 substrate. The randomizer 18 structure provides a light transmls- 
srve element that imparts a degree of phase randomization across its cross-section a] area. Such a quasi-ran- 
dom phase surface may be achieved by evaporated patterns having average thicknesses of about 1 micron 
and average widths of about 10 microns. A first field lens 20 transfers the beam to a reticle masking assembly 

5 22 which may, if desired, be motor driven. The masking assembly 22 limits the beam peripherally to a control- 
lable object field outline of a selectable size, the beam then passing through onto a movable corner mirror 24 
that is dynamically shifted through a small arc as described below. From this corner mirror 24 the beam ia di- 
rected through an Imaging relay lens 26 which Images the first quasi-random surface 19 onto a second quasi- 
random phase surface 27 of similar character. The beam then passes onto a beam combining corner mirror 

to 28 toward the associated optics Including a second field lens 29 and to the water plane to which the Image Is 
directed. This angled beam path enables the laser 12, which requires substantial power and volume, to be 
placed welt away from the Image forming part of the system. 

The second quasi-random phase surface 27 introduces further randomization, effectively multiplying the 
spatial phase randomness characteristic throughout the beam distribution. However, it is desirable to be able 

15 to vary the degree of randomness, and for this purpose partial coherence modulus measuring device 36 em- 
ploying a Savart plate and Soleil compensator is positioned to sense this characteristic of the beam from the 
randomizer 18. Such a device may be arranged In accordance with the disclosure in an article entitled "Degree 
of Coherence In the Image of a Quasl-Monochromlc Source*, by S. Mall Ick In Applied Optica. Vol. 6, No. 8, for 
August 1967, pp. 1403-1405. The device 36 returns a signal responsive to partial coherence modulus to a con- 

2Q trot circuit 38 which operates a PZT actuator 34 coupled to the movable corner mirror 24. In accordance with 
partial coherence contrast readings taken by the measuring device 36, the actuator control 38 energizes the 
PZT actuator 34 to introduce small but variable Increments of motion (of the order of 60 microns) In the image, 
between pulse bursts from the laser 12. Because these bursts occur at 150-200 times per second and are of 
very short duration, and because the corner minor 24 need only be moved through a very slight angle, ade- 

25 quate spatial randomization of light from the different originating sources is readily achieved to the extent need- 
ed and within the Intervals available. 

In an alternative example, the relative motion between the quasi-random phase surfaces 19, 27 can be 
produced by forming the first surface 19 as part of a rotating disk, and varying the speed of rotation slightly 
to vary the degree of randomness achieved. 

so The imaging relay lens 26 and second field lens 29 also image the reticle masking assembly 22 in a 1:1 
relationship onto a photomask 40 disposed at a photomask plane 4Z The beam at this plane is in this example 
apertured by the reticle masking assembly 22 to a rectangular shape which is selectable in continuous fashion 
from 1-1/2* to 2-1/2" on a side, with adequately close tolerances (±0.005"). 

The significance of the spatial coherence randomizer 18 may be more definitively understood in terms of 

35 the Increase which It provides in the average Lagrange Invariant of the beam. For the meaning of the term "La- 
grange Invariant*, see for example, "Applied Optics and Optical Design" by A.E. Conrady (Dover Publications 
edition, 1957, page 43). The laser beam from the exclmer laser 12 has a limited Lagrange Invariant, of about 
1 .8 x 10~ 7 cm 2 Star. This represents a number of sources in a narrowed excimer laser beam in a typical (ap- 
proximately 0.3 sec) exposure. It can be shown that there are of the order of 22 x 5.4 = 122 statistically inco- 

40 herent spatial modes emerging from the laser at any one instant Also, there are about 20 wavetrains per pulse, 
1 50 pulses per 0.3 sec. Thus, the laser supplies 1 .22 x 1 0 2 x 2 x 1 0 x 1 .5 x 1 0 2 = 3.66 x 1 0 6 statistically inde- 
pendent sources per exposure. In order, however, for the sources to illuminate the image with spatial incoher- 
ence of desired degree, each point on the image must be illuminated by approximately 10* sources of light 
The total number of sources, derived from an approximately 4,000 line per millimeter resolution at the image 

45 size of the wafer plane, that are required are about: 

10 s x 106/(1.75)2 x 10* = 3.27 x 10" 
This is the total number of statistically independent sources needed per exposure. The laser beam thus faDs 
short by a factor of about 5 x 10* of the diversity required to give an image that is evenly but spatially incoherent 
illuminated. The Lagrange Invariant of the beam passing through the photomask and within the cone of ao 

so ceptance of the imaging lens must be about 

2.56x10-* cm* Ster 

Each of the first and second quasi-random phase surfaces 19, 27 scatters the angular divergence by about 
2.2 x 1 0 2 , without substantially affecting the height of the principal ray over the size of the Image. This combines 
to an overall increase of 5 x 1f>, which la that desired for the system. The Lagrange Invariant Is accordingly 
55 adjustable by a factor up to 5 x 1 0 4 . This adjustment can be made automatically, but in order to maintain the 
value within chosen limits, it is typically sufficient for en operator to preset, for a particular image size and ex- 
posure characteristic, the actuator control 38 in accordance with readings taken from the partial coherence 
modulus measuring device 36. The range of adjustments of spatial coherence length can be varied from ap- 
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proximately 1.5 microns, representing substantially Incoherent light to approximately 15 microns at the pho- 
tomask 40. 

In consequence, wave energy is distributed over a 4" x 4" mask plane with even intensity to ±1 % measured 
at the wafer plane, and adjustable in amplitude within ±1%. The total energy delivered in an exposure time of 

5 0.3 sec. from the given excimer wit) be greater than 1 50 mJ/cm 2 at the wafer. 

Randomization of spatial coherence to the desired degree, however, cannot affect the needed temporal 
coherence or periodic predictability of each wavelet in this statistically diverse multiplicity of sources. The 
phase retardations subsequently Introduced In the composite wavefront by the phase plate vary throughout 
the beam distribution and the possible amount of retardation Is substantial. Temporal coherence must thus be 

10 maintained so that it Is orders of magnitude greater than the possible retardation for the wavefront to be pre- 
cisely reconstructed. Also, there are many incremental variations (as much as 100 waves) in phase delay in 
this example. The time coherence which is required for proper operation of these phase adjustments is ap- 
proximately 50 times the maximum number of waves of retardation which are designed into the system. Al- 
though the Mai on tuned laser gives about 124,000 waves in a coherent wavetrain, which is about 25 times as 

15 many as required for the phase adjusting means, this factor works against providing the largest possible num- 
ber of time independent sources. These can be established by reducing the temporal coherence to about 5,000 
waves, but this In turn creates problems with the chromatlsm In lens design. Accordingly, ft Is preferred to main- 
tain this factor between 10.000 and about 100,000, the former value being assumed In the present example. 
The amount of tight incident on the wafer plane tn any one exposure can be selectively determined by a 

20 laser exposure control 44 which integrates the energy derived during successive bursts of the laser and ter- 
minates the exposure when adequate energy has been delivered. An alignment system 46, described below, 
is separately operated along the optical axis to direct an annular beam of different wavelength (typically red 
or blue) than the ultraviolet through the beam combining mirror 26 and various optical elements, as described 
below in conjunction with Fig. 7. 

25 Between the photomask plane 42 and a wafer plane 50 on which a resist coated wafer 52 is precisely posi- 

tioned by the XY axis drive system of a wafer stepper mechanism 54, shown only generally, Is disposed an 
integrated optical system 56. The optical system 56 comprises a combination of refractive elements and a ho- 
lographic wavefront adjusting means embodying a number of features in accordance with the invention. In the 
arrangement illustrated the system comprises one set of three refractive lens elements forming a coliimating 

30 lens group 58, a multi-plateau phase plate 60 disposed at the critical aperture of the lens system, and an ob- 
jective lens group 62 of four lenses projecting an image reduced by 5X toward the wafer plane 50. The inter- 
relationships between the lens groups 56, 62 and the multi-plateau phase plate 60 are designed to both simplify 
the refractive lens design, as well as reducing the number of refractive elements, and to achieve higher order 
effects in wavefront adjustment that contribute not only to resolution, but also to depth of field, contrast and 

35 efficiency. 

The lens assembly comprises spherical quartz elements while the phase plate 60 comprises a wavelet 
phase delay and redirection system that arealty adjusts components of the Image to define new composite 
wavefronts. The integrated optical system 56 is telocentric at the image plane, and the radiation bundle at the 
phase plate 60 and critical aperture is not exactly parallel but is slightly divergent The quartz elements are 

<o designed so that all aberration components of any significance except the spherical aberration polynomial are 
cancelled by the spherical elements by utilizing the degrees of freedom accorded by their radii, their positions, 
their vertex thicknesses and theirseparations, and taking into account the radially varying phase lag introduced 
at the critical aperture by the phase plate. Spherical aberration, however, is limited to approximately 75 waves 
of optical path difference which Is entirely corrected by the radially varying phase lag of the phase plate. Three 

46 of the elements on the objective side of the phase plate 60 are designed as a nearly aplanatic group and the 
fourth, the minus minlscus closest to the Image plane, Is largely used for Its field flattening properties. The 
three lenses in the coliimating group 58 cumulatively and in combination with the phase plate are substantially 
responsible for eliminating coma and astigmatic aberrations of the system. The spherical quartz lenses, more- 
over, have a negative chromatic dispersion, and a feature of the present invention Is that the transmission grat- 

50 ing represented by the phase plate 60 produces the bending effect of a base power curvature that is slightly 
positive. This curvature is selected so that chromatic dispersion of the grating over the small laser bandwidth 
opposes but substantially matches that of the spherical quartz lenses to produce a nearly achromatic condition. 
This base spherical power cannot be depicted in the drawings because of the very small scale factors involved. 
Wave energy from the Illuminator 10 can be said to be substantially monochromatic, but any such source 

55 as the excimer laser 12 has a bandwidth or chromatic spread, if this band width Is extremely narrow, it reduces 
available light energy and increases problems with spatial coherence. The capability for achromatic operation 
provided by the present system enables broadening of the chromatic spread of the excimer laser 12 from 0.003 
nm to 0.02 to 0.03 nm or more. Thus the illuminator must be substantially monochromatic but some chromatic 
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spreading can be compensated, with the attendant system benefits that are derived. 

A region adjacent to the central area of the phase plate 60, and starting Just outside of a set of inner fiducial 
rings described below referring now to Figs. 2-4, comprises a micro! ithographicaily contoured surface of very 
low maximum height deposited on or etched into a phase plate substrate 64. The contoured surface is in the 
form of a plurality of rings 68 each comprising minute multiple plateaus or tracks 70 of deposited Si0 2 of pre- 
cisely defined Incremental heights. The typical ring 68 is of a radial dimension that is nonlineaiiy related to 
the radial position of the ring, and has eight plateau 70 levels, varying incrementally in steps of 1 /Bth wavelength 
optical retardation from zero height to a maximum of 7/8th wave height The relationships are depicted sche- 
matically In the views of the phase plate of Figs. 2-& As seen In Fig. 4, In each ring 68, the plateaus 70 typically 
vary progressively from a zero height (relative to the substrate 64), through successive steps to the maximum 
7/Bth X height At 248 nanometers wavelength, the 1/8th high plateau is about 61.0 nm In height and the 7/Bth 
high plateau is about 426.9 nm In height. The narrowest radial width of the rings 68 (at the outer edge of the 
phase plate 60) is of the order of 8 microns, so that each plateau is approximately 1 micron in radial dimension 
at a minimum. Because the radial dimension occupied by a ring 68 varies, the slope of the composite contour 
defined by the included plateaus 70 varies, with the steepest being shown here. This slope is just over 3.59° 
and the bending of the local wavefront introduced is about 2°. Maximum local wavefront bending is limited to 
about 5°, to achieve high efficiency transmission of light energy through this type of blazed grating. The dif- 
ferential height of the tracks on the plate Is at a maximum proportioned to the ratio of one wavelength of Incident 
monochromatic light at the selected wavelength, divided by the Index of refraction of the plate. 

There are approximately 200 rings 68 of eight plateaus each, but these are not In a regular progression. 
Instead, successive rings are arranged in six distinct groupings 80-85 in which the phases of the introduced 
phase delays are reserved. Successive groupings 80-85 are arranged to alternate in phase in 0, 0, «, 0, * 
fashion. The relative radii of these zones are, in this example, set as shown in the tabulation below: 



Radius of 
Zone Boundary phase 



.99-. 80 


0 


.80-, 65 


IT 


.65-. 40 


0 


.40-, 30 




.30-. 20 


0 


.20-0 


ir 



The interposition of the multi-plateau phase plate 60, with its finely divided rings 68 and minutely divided 
plateaus 70, adds incremental, wavelength related, lengths of optical path as a function of aperture radius in 
a spatially distributed manner across the wavefront. The differential thickness of the phase plate 60 Is very 
small, not being more than 7/8 wave lengths of retardation or about 427 nm in this example. However, because 
the light source is substantially monochromic, resolution Is maintained by aligning the wavelets with respect 
to a phase reference. Therefore as seen in Fig. 3, the effect Is that of cumulative retardation of the composite 
wavefront formed by the Illustrating monochromatic light Where the refractive optics curves the composite 
wavefront, as seen in fig. 4, the phase alignment is maintained as welt. It should be noted, however, that the 
phase plate 60 precompensates for aberrations in subsequent refractive optics, and that such precompensa- 
tion is not depicted in Pigs. 3 and 4. 

The phase plate 60 more specifically functions both as a holographic element operating in a Bragg regime 
and as an asphere In cooperative fashion with the refractive elements. As a consequence of the aspheric char- 
acteristic, the residual spherical aberration that la permitted within the refractive optics design is compensated 
by needed fractional amounts throughout the entire wavefront at the same time that the outer geometrical 
aberrations and the chromatic aberration are also cancelled. Because the multiple point light sources directed 
at the critical aperture are redirected as Individual wavelet components, the segments 80-85 of the phase plate 
60 also redistributes light within the image plane in a unique manner. The separate phase reversal within the 
phase plate 60 define multiple pupils within the system which enable coactfve imaging with a substantial nunv 
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bar of beneficial effects. 

It will be understood by those skilled in the art that the number of plateaus used may be varied from the 
eight given in the present example. Using 16 plateaus varying by X/16 in a regular progression increases fab- 
rication times and problems, but enables the blaze angle to be smoother and more efficient These levels may 
s be provided by a cumulative binary progression as described in the present example. In contrast, a lesser num- 
ber of levels (e.g. four) can be utilized If the somewhat coarser and less efficient grating that results is accept- 
able for a given application. 

The primary features that are sought in this optical system design are Increased resolution, reduced side- 
band Intensity, and increased depth of field, and these are all enhanced by the usage of the ring 68 groupings 
w which define multiple pupils. As seen In Figs. 5 and 6, where a rt phase reversal is desired the regular pro- 
gression of plateaus 70 is Interrupted at an out of phase step 86. The plateaus 70 thereafter change progres- 
sively in the zero to seventh sequence until the next interruption. When the beam components from the sep- 
arate pupils recombine to form the composite waveform, thereafter, the minute displacements in images from 

the separate pupils enable enhancement of any or a number of the factors noted. Phase changes of n or — 

is a 

dividing the ring into two, three and four radially different groupings have been found beneficial for certain spe- 
cific applications, although It will be recognized that many such zone combinations can be chosen to empha- 
size resolution, depth of field or contrast The six groupings 80-85 shown are preferred for the wafer stepper 
application because these multiple pupils increase depth of field while preserving image contrast, factors 

20 which are of significant importance in the semiconductor fabrication process. In addition, improvement in re- 
solution beyond the unobstructed Airy lens Is also realized. 

Redistribution of wavelets in the beam transmitted through the phase plate 60 can also be accompanied 
by the use of fully opaque or only partially transmtsarve annular rings or ring groupings. The opaque rings can 
be placed wherever lens system design analysis indicates that tt is desirable to cancel or reduce beam corrv 

25 portents that limit performance. 

In terms of optical design, systems in accordance with the present invention offer substantially greater de- 
sign freedom in balancing of aberrations. As discussed in Hopkins, Wave Theory of Aberrations , Clarendon 
Press, 1950 at p. 50, optical path difference can be analyzed as a polynomial in which the difference is taken 
between any set of rays starting at a point, h, on an object and going through different points at a radius of p 

30 and at a meridianal angle 4, compared with the optical path of the principal ray from h, at p = 0, in the pupil or 
critical aperture. After expansion the individual terms of the polynomial can be conveniently grouped into terms 
containing p alone (a series expressing the spherical aberration of the system), other terms containing p and 
h only (which can be regarded as "spherical-type aberrations"), and those terms containing h, p cos> to some 
power. The terms containing p and h only relate to field curvature aberrations, while those containing h, p and 

35 cos$ include coma tic and astigmatic type aberrations. 

Located at the critical aperture the phase plate adds an optical path delay to every ray which is a prede- 
termined function depending upon the radius and the angle at which the ray passes through the plane of the 
critical aperture. Since spherical aberration is an axial aberration depending on radius alone the proper amount 
of phase delay introduced at the right height in the critical aperture can completely correct all orders of spherical 

40 aberration. 

AH the spherical-type aberration terms in the expansion of the polynomial are treated symmetrically by 
the phase plate. The task of the lens designer is to choose the refractive elements of the system so that the 
remaining cornatlc type terms and astigmatic type terms are reduced to the point where they balance each 
other and where their residual balances the radially varying delay introduced by the phase plate. 

45 Those skilled in the art will realize that while this aberration balancing will normally take place within a 
sophisticated lens computer program, it nevertheless requires that the collection of terms containing each com- 
ponent power of cosfy be separately balanced to zero or dose to zero. The fact that the phase plate potentially 
eliminates alt orders of spherical aberration makes the rest of the design proceed very much easier and makes 
a solution possible with considerably fewer elements. 

so In summary, this system operates by using redistribution of the microstructure of a time-varying sequence 
of waves which have predictable periodicity but spatial randomness. Using successive light bursts from an ex- 
cimer laser, uniformly distributed light appears to the holographic phase plate element, over the interval of a 
total exposure, as a multiplicity of sources. At the phase plate 60, the phase adjustments made in beam wa- 
velets are achieved while also maintaining high efficiency transmission. The system provides precision to bet- 

55 ter than 1/10 wave throughout the composite wavefront The system enables reduction of the number of sphe- 
rical quartz lens elements In comparison to what has previously been used while overcoming the presently 
existing barriers on line resolution. The limited bandwidth of the illuminating beam together with the properties 
of the phase plate enable both spherical aberration and chromatism to be closely compensated. 
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Other wave energy sources than lasers can be used if they have the needed propertf s. The Individual 
lines of some mercury arc sources, for example, easily meet this criterion. This can be seen from an article 
by Kevin Burns and Kenneth B, Adams published in the Journal of the Optical Society of America. Vol. 42, No. 
1 0, October 1952, pages 717-718 and entitled "Energy Levels and Wavelengths of the Isotopes of Mercury - 

5 1 99 and -200". Table 1 a in that article, which shows line resolution for certain tines of Hg 1 99, demonstrates 
the needed temporal coherence. These lines together make up the 256 nm band of the lamp emission. By solv- 
ing the problems of achromatism (figured over the entire band) by conventional methods, then each of these 
line components represents a source of sufficient temporal coherence to be used. 

As another example, Table 1 b of the artlde shows the detail of the 365 nm band of Hg 1 99. Here (he ach- 

w romattsm problems have been solved by conventional methods, so that the phase plate can be designed to 
function as a conventional but very versatile low power aspheric lens. Its use in such a design results in a 
reduction in the number of glass elements necessary, as well as in improved performance. The phase plate 
is computed as a Bragg grating, with a central wavelength of highest efficiency. However, by inspection of Ta- 
bles 1a and 1b. one can see that the total overall spread from top to bottom of a given Hg emission band is 

15 less than 2 parts in 1000. Thus tuning is a relatively minor consideration. 

Applied to the design of lenses in more conventional wavelength regions, for example 365 nm, 404 nm or 
438 nm where sources of high temporal coherence can be obtained, phase plate technology results tn consid- 
erable simplification, since higher order asphedca can be prescribed and precisely constructed not only to the 
design requirements, but to compensate for the small but real departures from Ideal of the spherical elements 

20 themselves. 

Referring again to Figs. 2 and 5, the phase plate 60 includes, outside the blazed transmission grating area 
defined by the rings 68, a plurality of separate concentric transmissrve multi-plateau rings 88. These rings 88 
are also of S 102 and formed by deposition or by etching of the surface of the substrate defining the phase lens 
60. The ring 88 widths and slopes are selected relative to a longer, red, wavelength that is to be used for align- 

25 ment of the wafer 52 on which the Image defined by the photomask 40 is to be formed. Thus the widths and 
slopes are greater than those of the rings 68 used for the ultraviolet range, but eight increments of height are 
still used. The same process of binary accumulation or etching of layers Is used, but because greater thick- 
nesses are employed the rings 86 must usually be formed separately from the rings 66. 

The purpose of these rings 88 is to concurrently provide, in conjunction with the optical system sets 58, 

30 62, a focused beam on the wafer 52 so that signals can be generated Indicating the precise position of the 
wafer 52 relative to the photomask 40, which has fiducial reference marks on it Fiducial marks on the wafer 
52 alone can also be sensed. 

The red wavelength does not affect the photoresist layer on the wafer 52, so that it may be used concur- 
rently with the ultraviolet illumination. Referring now to Fig. 7, there is shown an alignment system 46 for pro- 

35 vkJing a finely focused reference beam on the wafer 52 for alignment purposes. The system utilizes an HE- 
NE laser 90 here having a monochromatic wavelength of 633 nm, which is In the red portion of the spectrum. 
The laser 90 generates a narrow output beam having a Gaussian distribution that Is spread Into a wider pattern 
by a beam expander 91. This expanded beam is converted into an annular pattern by first and second im- 
mersed aspheric8 93, 94 respectively, the first of which creates a ring distribution, forming the light into con- 
verging beams focusing on a ring of given radius, while the second immersed aspheric 94 substantially colli- 
mates the beams to form the annular pupil pattern. The annular pupil pattern Is reflected off a first corner re- 
flector 96 and a second corner reflector 97, which is of the dichroic reflecting type, into the optical path of the 
ultraviolet beam in the system of Fig. 1. The annular beam is focused by the second field lens 29 in conjunction 
with the lenses 95 onto the photomask plane 42, illuminating the area of a fiducial pattern on the photomask 

45 40. The beam then enters the optical system 56 to be reimaged as an annular pupil covering the area of the 
multi-plateau rings 88 on the phase plate 60, and caused by the lens sets 58, 62 to be focused and reimaged 
on the wafer 52 and reflected back through the optical path. The reflected red light fiducial pattern is reflected 
back through the dichroic corner mirror 97 to the alignment detector 99, which matches the direct and reflected 
fiducial images to produce an alignment signal which controls the wafer stepper 54 to position the wafer 52 in 

so known fashion with the order of accuracy required. 

Thus the system of Figs. 1-7 incorporates integrally a non-interfering alignment system that enables the 
precise adjustment needed to be made in the wafer position. Because the outer rings 88 can be laid down with 
reference to the same central axis as the ultraviolet concentric rings 68 there Is assured concentricity. 

The principal elements of a direct write system for defining the precisely located concentric tracks on the 

55 phase plate 60 are shown in Fig. 8, to which reference is now made. Here the phase plate 60 is mounted on 
a high precision air spindle 110 which spins on air bearing supports In a concavity 1 11 In a stable, e.g. granite, 
base 112. An air spindle driver 114, which may be a magnetic or pneumatic device, is coupled to rotate the air 
spindle 110 at a selected rate, such as 25 rps. A phase plate 60 placed on the top surface of the air spindle 
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1 10 Is positional e wtth a substantial but not fully exact degree of accuracy along orthogonal X and Y axes by 
precision adjustment screws 116 extending through posts 117 at the periphery of the air spindle 110. An air 
pressure source 118 provides pressurized air through conduits 119 in the base 112 to maintain both vertical 
positioning and horizontal centering of the central axis of the air spindle 110 on the air sled 120. As can be 

5 seen, however, no central shaft or other mechanism is utilized for locating the phase plate 60 relative to a cen- 
tral axis. An air sled 120 adjacent the top portion of the air apimfle 11 0 is laterally movable relative to the spindle 
110 on air bearing foot pads 121 that protrude below the air sled 120 and air bearing side pads 122 that extend 
horizontally. The foot pads 1 21 support the air sled 120 In floating relation above the top reference surface of 
the granite base 112, white the side pads 122 maintain a fixed small separation from a vertical side reference 

w wait 1 25 on a vertical extension 126 of the granite base 11 2 (or a separate member in fixed relation to the base 
1 12). Means for mechanically biasing the air sled 120 in the direction toward the vertical reference surface on 
the block 126 are not shown, but may comprise a pneumatic source or a servo mechanism. This air bearing 
support at the side thus maintains a precise separation from the side wall 12S although the air sled 120 may 
be moved in a direction parallel to the wall 125 and radially relative to the phase plate 60. Internal conduits for 

15 pressurizing the air bearings are not shown in detail. 

The air sled 120 is poeitionable in the direction parallel to the vertical reference surface of the block 126 
by an actuator 130 coupled to a bar 132 of rigid, stainless steel, construction that Is ooupled to the air sled 
120. Movement of the bar 132 by the actuator 130 along this axis changes the radial position of the phase 
plate 60 and a writing beam from a deflection system mounted on the air sled 120, as Is described In greater 

20 detail below. For approximate positioning control of the phase piate 60, a retroref lector 134 on the air sled 
120 bounces a laser beam back to an interferometer 136, which may be a Hewlett-Packard Model 5110. With 
this interferometer 1 36, and a guide position servo 1 38 to control the actuator 1 30, the position of the air sled 
1 20 and air spindle 110 may be maintained to welt within 1 micron. Track positions on the phase plate 60 are 
defined by a track data storage and sequencing system of the form of a master track writing system for mag- 

25 netic or optical data disks, including a computer 146 and data storage 148. The storage 148 contains the nec- 
essary Information as to precise track positions, track widths and track pattern modulation. Under control of 
the computer 146, track pattern modulation signals are sent from the data storage 148 through a modulator 
driver 150 to a writing beam control as is described In greater detail below. 

It can be seen from the description thus far that the air sled 120 is positioned approximately with consid- 

30 enable precision in each of two orthogonal directions, one of these positions being variable under control of 
the actuator 1 30 to select different tracks on the phase plate 60. The air spindle 1 1 0 itself is air centered around 
its nominal axis within the concavity 111, and the phase plate 60 is secured at some approximate centration 
on the air spindle 110 by the peripheral position screws 116. 

For final precise, dynamic, positioning the system deflects the laser beam relative to fiducial rings 151 

35 that are located at the outer periphery of the phase plate 60. These rings 1 51 may be of chrome or other opaque 
material and predefined on the phase plate 60 by a deposition or etching process using precision rings on a 
photomask. However they may also be separately defined by a direct write sequence on the surface of the 
periphery of the phase plate 60 when it Is first centered on the air spindle 110. This procedure is employed in 
the present example. Approximately twenty of these rings 151 are Incorporated of specified widths and spac- 

40 ings varying from 1 .5 to 4.0 microns by rotating the plate 60 about its arbitrarily centered position and defining 
the annul! by photolithographic or precision cutting techniques. The rings 151 then are used as centration ref- 
erences for each subsequent repositioning of the phase plate 60 during manual adjustment and subsequently 
for dynamic control of the writing laser beam to account for minute eccentricities. Thereby a precision is ach- 
ieved which cannot generally be achieved by mechanical means. 

45 A viewing and sensing system mounted on the granite base 112 and Is used for both Initial and dynamic 
adjustments. A column 152 Includes an arm 154 overhanging a fixed position of the phase plate 60 opposite 
the fiducial rings 1 51 A conventional light source and a voice coil actuator system for automatic focus are not 
shown in the interests of simplicity but will often be employed. A lens 156 adjacent the phase plate 60 reflects 
the image of a light source 157 off a beam splitting mirror 158 through a second beam splitter 160 to an eye- 
so piece 162. The light source 157 is at a different wavelength than that to which photoresist material on the piate 
60 is sensitive. An operator may view, through the eyepiece 162, the relative position of the fiducial rings 151 
and adjust the positioning screws 116 to achieve approximate concentricity (e.g. to approximately 1 micron) 
of the phase plate 60 on the air spintf e 110. 

During writing operations thereafter a display of a number (e.g. 20) of the fiducial rings 151 is Imaged off 

55 directed through the beam splitter 160 to a mirror 161 and through a lens 164 onto a reticle 166. The reticle 
1 66 has a pattern of opaque lines 1 88 which corresponds to the specified widths and spacings of th fiducial 
rings 1 51 on which fail the image of the reflected rings from the phase plate 60. A maximum signal is provided 
when the blank spaces between the reflecting fiducial rings 151 on the phase plate 60 are precisely in line 
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with the opaque strips 168 on the reticle 166 and a minimum signal results when the reflected Image of the 
rings 1 51 falls on the transmisslv line portions on the reticle 166. If there Is any eccentricity In the pattern a 
photodetector 1 70 behind the reticle 1 66 provides a signal through a preamplifier 1 72 that varies in sinusoidal 
fashion with the eccentricity variation. The periodicity of this sinusoidal variation is relatively long term, being 

5 determined by the rotational rate. Alternatively, a reticle 1 66 may be used which contains fewer or more lines 
within a given angle than that subtended by the image of the fiducial rings. This creates a pattern which cross- 
correlates with the fiducial ring pattern is a predetermined manner, and an alternating signal is generated, the 
amplitude of which is related to the decentertng displacement. 

This eccentricity variation la utilized to radially position a writing beam directed against the phase plate 

10 60 so as to maintain concentricity within 0.1 micron. To this end, a laser 180 is affixed to the stable granite 
reference base 112 and the laser beam is directed off a fixed reflector 181 into a housing 182 mounted on the 
air sled 120. The beam is deflected off the reflector 181 through an acousto-optic modulator 184. The laser 
1 60 is chosen to be of a wavelength to effectively expose the photoresist and develop a fixed image upon it. 
The beam after modulation is directed off a pair of reflectors 1 87, 1 87 to other corner mirrors 1 86, 1 86 through 

is an acousto-optic deflector 188 in a lateral arm 189 of the housing 182 before being deflected down off a mirror 
1 90 and through a lens 1 92 to focus onto the subjacent area of the phase plate 60. Again a conventional au- 
tofocus system may be utilized but Is not shown. The acousto-optic modulator 1 84 receives modulation signals 
from the modulator driver 150, while the acousto-optic deflector 188 receives control signals from the eccen- 
tricity sensor circuits 170. 172. The deflector 188 varies the radial position of the laser beam impinging on the 

20 track, relative to Its nominal position as determined by air sled 120 location, so as to cancel out residual ec- 
centricity, in response to the signal from the photodetector. 

Particular consideration must be given to machine calibration when it is desired to achieve positioning ac- 
curacy such that sub-micron resolutions are achieved in placing the plateaus relative to the optical system. To 
calibrate the machine, the phase plate 60 itself is used as a reference. In addition to the outer reflective fiducial 

25 rings 1 51 , a second set of rings 193 to written, by photolithographic techniques or scribing on a chrome surface, 
much closer to the center of the phase plate 60. These rings 193 are shown generally In Figs. 2 and 5. Both 
the outer and Inner fiducial rings 151 and 193, respectively, are written concentrically relative to the Initial cen- 
ter of rotation, which is determined within certain arbitrary limits by positioning of the phase plata 60 on the 
rotating air spindle 110, but which is not more precisely known at that time. To locate the positions of the rings 

30 precisely for calibration purposes the system of Fig. 8 including the interferometer 136 and computer 146 can 
be advantageously employed, although the sequence of measurements and calculations can also be carried 
out by an operator. The air sled 120 is moved through a span of radial positions with the laser 180 beam on 
and a sensor (not shown) in Fig. 8 detecting the reflected signal. This detector provides a signal variation during 
passage of the focused beam past each ring, and each such pulse is used as a trigger signal. Interferometer 

35 1 36 readings are concurrently taken and correlated In a data processor with the trigger signals. As each ring, 
first in the outer set 1 51 , fa detected In this manner, the fringe count from the Interferometer 1 36 is entered in 
the computer 146 as a precise Indication of radial position. The radial scan Is carried through the Inner ring set 
193, on both sides of center, with a reading being triggered as each separate ring passes the reference point 
By using the computer 146 to perform a linear regression precise averages can be computed and the center 

40 of rotation can then be determined with great accuracy. The radial distance of the outer ring set 1 51 can also 
be determined against this calculated center, using the interferometer 136 measurements. The calculations 
enable precise calibrations to be made for the then existing temperature, pressure and velocity of light condi- 
tions. Standards are established for comparison against later calibrations, and small but meaningful compen- 
sations can be calculated for all meaningful variations. Thus when the muiti-piateaus are radially positioned 

45 using Interferometer measurements accuracy can be maintained to ± 1/10 micron and phase retardation at 
the different areas can be assured. 

In operation, therefore, the nominally centered air spindle 110 and phase plate 60 need not be initially pre- 
cisely located against a selected reference to the high order of precision needed for writing successive tracks 
on the phase plate 60. Instead, after a photoresist material is applied to the intermediate area of the phase 

so plate 60 for start of the microiithographic sequence, the operator may first approximately position the plate 60 
using the positioning screws 116, based upon viewing of the fiducial rings 151. With the air spindle 110 rotating, 
any eccentricity relative to the fiducial rings 151 results in generation of a long term sinusoidal eccentricity 
signal and dynamic correction of eccentricity by the deflector 188. It will be understood that the Inverse ar- 
rangement can also be employed, with the eccentricity sensor on the air sled and the laser beam fixed. How- 

55 ever, the configuration shown provides better stability for the air spindle 110. 

The spincle drive servo loop may drive to incremental positions which are slightly different from the ring 
radial position which is desired. However, this difference is also compensated for as a component of the beam 
correction added in through the acousto-optic deflector. 
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Both the outer and Inner fiducial rings may be advantageously placed by arranging their ring-to-ring spac- 
ing b and widths in a non-regular manner. Schemes for spacing the rings in the fiducial sets may vary from 
purely regular to pseudo-random, random or functionally disposed, as for example according to a mathematical 
series. 

Thus identification of each ring, in a multiple ring set is made possible through knowledge of spacing char- 
acteristics, and ambiguities which might occur if one ring is mistaken for another are avoided. Af urther advan- 
tage from such n on- regular ring spacing is that the characteristic error signal derived from the photodetector 
in the eccentricity sensor system described below can be shaped to contain neither ambiguities nor phase re- 
versal In Its error curve. 

A typical direct writing sequence on a phase plate 60 commences after initial surface preparation of the 
phase plate 60 and incorporation of the outer fiducial chrome rings 151, either by a separate photolithographic 
sequence or by cutting when on the air spindle 110. The phase plate 60 can be taken off the retainer system 
on the air spindle 110 at any time to apply a layer of photoresist to the desired depth. This layer is placed over 
the entire area, including the fiducial rings 151 within which area the multiple level plateaus are to be formed. 
Since photoresist is substantially transparent to red lig ht, the fiducials can be seen by the eccentricity detector. 

Next, the phase plate 60 is repositioned on the air spindle 110, the operator f irst making manual adjust- 
ments while observing through the eyepiece 1 62, until approximate concentricity is obtained. Then the air spin- 
dle 110 is rotated at the selected rate and, with the laser focused on a selected track position, a predetermined 
width of track is written. Following each writing of a track, the air sled 120 Is repositioned by the actuator 130 
under command of the computer 146 to a different radial track location. Other tracks are successively written 
until a complete exposure has been made for all the tracks that are to have that plateau level after the following 
deposition or etching step. 

An alternative procedure is to drive the air sled 120 at a steady rate of 0.1 microns pitch per spindle rotation. 
The spiral pattern thus created is effectively indistinguishable from a circular pattern created by an intermittent 
drive. 

The phase plate 60 is then removed from the location on the atr spindle 110, the photo-exposed image is 
fixed and undeveloped material is removed to leave the predetermined Image. Deposition or etching is then 
undertaken to the desired level, and the fixed resist layer is completely removed so that a new resist layer may 
be laid down in turn for writing the pattern for the next group of tracks. The sequence is then repeated, exposing 
the photoresist, washing out the unfixed material, depositing or etching to the next plateau, and again removing 
the fixed photoresist so that the cycle can again be repeated if desired. 

By this method of directly writing on a high precision, concentric track phase plate it is possible to avoid 
the manufacture and placement of a separate mask for each level of plateau to be deposited or etched. This 
is particularly important for ultra-high resolution systems, wherein the phase plate can be individualized by 
computation to give the best correction for the actual characteristics of the finished lens assembly components. 
For this purpose the lens components are first designed, ground and polished to the closest approximation of 
the specified ideal characteristics. Then the components can be analyzed for the degree and sense of the va- 
riation from ideal, and corrections tailored to the actual characteristics can be computed. This Information is 
computed and placed in the track data storage 148, which may be a disk file, tape transport or other memory 
system. The contents of the track data storage 146 ca n further be modified In accordance with the calibrated 
values. Such custom adjustments enable resolution to be maximized for each individual system. 

This advantageous method does not preclude the use of individual masks for deposition or etching, which 
methods are shown in Figs. 9 and 10 respectively. Both Figures show how a regular succession of eight pla- 
teaus or selected height (exaggerated In Figs. 9 and 1 0 for clarity but typically no more than 427 nm for a U V 
wavelength) are formed by a sequence of steps. The plateau positions are designed from zero to seven, ranging 
from the lowest plateau to the highest and some of the steps are combined for brevity. 

Referring first to Fig. 9, a first mask 200 is prepared and, using a contact print frame of conventional design, 
placed in contact on top of a first resist layer 202 which has been placed on the substrate surface 204. To ach- 
ieve eight different layers with only three deposition steps, the deposition is carried out in binary fashion with 
layers that vary in thickness by multiples of the smallest increment of a wavelength. The resist used may be 
a positive or negative resist in that after an exposure is made through the first mask 200 either the exposed 
or the unexposed area may be washed away. Similarly the Image on the mask may be positive or negative, 
in this instance the negative resist material is used, and the photoresist that receives the light is not fixed and 
can be washed off, while that which is not exposed becomes fixed. After washing the pattern of protected ma- 
terial on the substrate corresponds to the opaque designated areas In the first mask 200 of Fig. 9A. Using a 
vapor deposition process and monitoring the thickness of vaporous silica as it collects on the substrate 204, 
a f irst plateau builds up at positions 1 , 3. 5, and 7 as seen in Fig. 9B, the resist layer 202 having been washed 
away. Then a second resist layer 205 is deposited and covered with a second mask 206 which obscures pos- 
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itlons 0,1,4, and 5 as shown in Fig. 9C. After the exposure of fight through the mask 206, removal of the mask 
206 and washing, as seen in Fig. 9D, a second plateau is deposited to add a thickness two times the first to 
all exposed areas. This procedure leaves the substrate as seen in Fig. 9D. It will be noted that there are two 
four-step sequences starting with the zero plane at positions 1 and 4. Fig. 9E shows the application of a third 
5 mask 207 on top of the third resist layer 206, to cover positions 0-3 so that the addition of a four-high layer 
after removal of the exposed photoresist leaves the regular progression of plateaus from 0-7 (Fig. 9F). In the 
placement of the successive masks 200, 206, 207 the fiducial rings on the outside of the phase plate are em- 
ployed for precise location. It is also feasible to achieve the same result by reversing the order in which the 
masks are applied. 

to Fig. 10 depicts the sequence by which a progression of plateaus can be etched Into the substrate. The 
clear areas of a mask designate those areas of the resist layer from which material is to be removed from the 
substrate. The same three-step sequence of layer formation is used, but the order of plateau formation is re- 
versed, with the deepest etching taking place first The first mask 210 (Fig. 10A) covers positions 4-7 over a 
first resist layer 211, so that a four-deep layer etch is then used to create a tower plateau at positions 0-3 (Fig. 

is 1 08). A second mask 212 over a second resist layer 213 blocks out positions 2, 3, 6, and 7, to leave the four 
two-high increments of Fig. 10D. Then a third mask 214 over a third resist layer 215 covers positions 1 , 3, 5, 
and 7, so that the third single layer etch leaves the regular plateau progression of Fig. 10F. 

Although the direct writing technique is preferred, for the given reasons, individual photomasks can also 
be generated utilizing the precision beam writing system of Fig. 9. The photosensitive material can be retained 

20 in a frame on the air spindle and held in position during writing of fiducial patterns and individual tracks. 

The fiducial rings 151, 193 can be laid down in the chrome during the first writing process. Because of the 
positional accuracy of the spindle 110 they are very closely circular, define the center of the ring pattern and 
are concentric with the central axis so that no eccentricity correction need be made. A fragment of a mask 
220 for the outer fiducial rings 1 51 is shown in Fig. 11 , greatly enlarged because the individual tracks are so 

25 smalt. Ftdudai rings 222 are provided in the outer region, for alignment with the outer fiducial chrome rings 
151 near the periphery of the phase plate, so as to insure centratlon of each Individual mask 220. The tracks 
defining Individual plateaus In the multi-plateau patterns are shown as opaque regions 224 and transmisslve 
regions 225. 

Precision oentration and alignment of different lens elements in the system by conventional methods can 

30 require substantial expenditure of time and effort. To simplify this task, a number of sets of centering and pos- 
itioning grating rings 226 (Figs. 2 and 5) are also initially built into the chrome substrate near the outer portion 
of the phase plate 60. Thus these rings 228 are also automatically centered and at the critical aperture when 
the phase plate 60 is in position. A number of such grating ring bands are disposed between the outer fiducial 
rings 151 and the red wavelength transmission grating 88. Individual ones of the bands are used to substantial 

35 advantage In initial assembly and alignment procedures, as illustrated in Fig. 12, because they maintain the 
required precision, both in angle and in element spacing. The phase plate 60 Is first placed at the critical aper- 
ture of the system so that all of the lens elements can then be positioned and centered relative to It. To this 
end, as seen in Fig. 12A, colli mated light from a source (not shown) is preferentially shaped into a ring form 
by passing through an aperture plate 230 so as to fall on a first band of centering and positioning gratings 232 

40 (a subset of the grating rings 228) on the phase plate 60. A first lens element 234 is then adjusted with respect 
to the center of the optical axis so that light focuses on the optical axis at a precise point 235, which point is 
thereafter established as an axial reference. Acfiaphragm 236 with a very small hole in it is placed at this pos- 
ition. This band 232 of the set of centering and positioning grating rings 228 is configured with knowledge of 
the actual characteristics of the first lens element 234, so as to focus for that particular element alone. A second 

46 band 237 of centering and positioning rings on the phase plate 60 Is then illuminated through a second aperture 
plate 238 with the colli mated light Here the second band 237 Is designed to bend light In accordance with the 
combined characteristics of the first tens element 234 and a second element 240. Again, the second element 
240 is moved until focus is obtained at the selected point 235 on the optical axis. 

This sequence is repeated with differential optical elements and grating ring bands until as seen in Fig. 

so 1 20 all additional optical elements are installed on the same side of the critical aperture position of the phase 
plate 60. Then the hole in diaphragm 236 is illuminated from behind by a laser 250 and image reduction lens 
set 252. Thereafter, using a different set of bands 245 on the phase plate illuminated through the tens elements 
234, 240, 242 and 244 via a shaped aperture plate 246, another lens element 248 may be centered and axlally 
positioned on the opposite side by creating the axlally convergent light point 249. These steps may be repeated 

55 thereafter with any further lens elements until the total lens assembly Is complete. 

It will be recognized that conventional centering and axial positioning techniques may be employed, but 
because manufacturing tolerances exist in even the most precisely made lenses and because these can be 
determined for the various cumulative combinations of lens elements, and because the phase plate 60 is fixed 
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at the critical aperture, the use of the phase plate Itself has particular advantages In this regard. 

Referring now to Fig. 1 3, the principal elements of a microscope 260 in accordance with th invention com- 
prise a phase plate 262 at the critical aperture position within the microscope 280. The specimen 264 to be 
examined is disposed on a transparent substrate 266 and beneath a thin cover glass 266 of typically 0.1 8 mm 
thickness. An illuminator 270 in accordance with the invention directs a beam of spatially randomized, tem- 
porally coherent light containing multiple sources through the specimen 264 toward the objective of the micro- 
scope 260. The phase plate 262 design corrects spherical aberration in the refractive elements of the optical 
system and the monochromatic Illumination obviates need for correction for lateral color. The cover glass 268 
adds a characteristic spherical aberration to the Impinging light, which can be compensated as well. There are 
further overall advantages In this application to microscopes, since special flat field objectives are often re- 
quired for camera work and the spherical aberration correction enables far better correction for astigmatism 
and field flatness to be made. 

In a paper entitled "Trie Axicon: A New Type Of Optical Element* by J. H. McLeod, Journal of the Optical 
Society of America, August 1954, pp. 592-597, there is described a conical surface lens system which trans- 
forms a plane wavef ront into a real or virtual line image collinear with the optical axis. The advantage of this 
type of system is that a very narrow conical light needle of substantial length is provided, eliminating the need 
for an autofocua system for many modem optical systems, such as optical storage readout devioes. The effect 
is achieved by the convergence and reinforcement of plane wavef ronts which are refracted down from the ax- 
Icon surface. The axial position of the line of light can be controlled by the aperture of the converging axicon 
element and the width or dimension of the line of light can be controlled by the numerical aperture or angle of 
convergence of the beams. However, because special conical and other aspheric surfaces are needed, the 
fuD capabilities of this type of optical system have not heretofore been realized. 

In accordance wfth the invention, however, the axicon effect can be achieved utilizing an illuminator 270 
in conjunction with a phase plate 272 and a spherical lens 274 (more than one refractive element can be utilized 
if desired). By arranging the multiple plateaus in the phase plate 272 to have substantially equal width and 
thickness, Irrespective of radius, the effect of a conical lens la duplicated In conjunction with the spherical lens 
274. Ught bending at the phase plate is limited to about 3°. As seen In Fig. 14 the converging planar wavef ronts 
give a usable depth of focus of substantial extent. It will also be appreciated that spherical aberration in the 
spherical tens 274 may be corrected, if desired, in the same phase plate 272 by introducing variations in the 
multi-plateau rings. 

In Figs. 15 and 16, application of concepts in accordance with the invention to a cylindrical lens system is 
shown. In such an application the illuminator 270 directs light of the prescribed characteristics through a phase 
plate 282 having multi-plateau variations 264 in the form of parallel lines of varying slopes and widths. The 
slopes and widths of the plateaus vary non-linearry relative to the central optical axis of a cylindrical lens set 
286, 288 which is in the same optical path. Compensation by phase retardation for aberrations in the cylindrical 
lens set 286, 288 is Introduced throughout the phase plate 282, in accordance with position relative to the opt- 
ical axis. 

It will also be appreciated that phase plates and cylindrical lens combinations can be made in which the 
phase plate approximates the action of a shallow prism or bi-prism which, in combination with a suitable tight 
projector, will create sheets of light extending out from the optical system and lying in a plane which contains 
the axis of the cylinder. Additionally this and other systems described above can function equally well both as 
imaging systems and as readout systems within the image fields thus created. 

Although a number of expedients and modifications have been described it will be appreciated that the 
invention is not limited thereto but encompasses all forms and variations within the scope of the appended 
claims. 



Claims 

1 . A system for producing an image, comprising: means (1 0) for providing an Illuminating beam of light that 
is temporally coherent above a predetermined minimum time period along an optical path; a plurality of 
refractive lens elements (58, 62) In said optical path arranged to project said image with a pre-determined 
aberration; and transmission grating means (60) In series with the refractive lens elements along said 
optical path for producing locally varying phase-delay and redirecting waves In the beam to compensate 
at least partially for the said aberration; characterised in that the transmission grating means has a plur- 
ality of segments (68), each having a set of plateaus (70), the optical retardation of each of the plateaus 
within each of the segments varying by a fractional wavelength Increment with respect to the optical re- 
tardation of the precedent plateau, and in that the slopes of the segments determined by the composite 
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contour defined by the corresponding set of plateaus are restricted to angles at which the bending of the 
local wavefront passing through the transmission grating means (60) does not exceed approximately 5°. 

2. Asystem as claimed in claim 1, wherein the maximum bending of lightcaused by the transmission grating 
means <60) is approximately 3°. 

3. A system as claimed in claim 1 or claim 2, wherein the means for providing an illuminating beam comprises 
a substantially monochromatic light source (10). 

4. A system as claimed in claim 3, wherein the light is in the ultraviolet region of the spectrum and has a 
bandwidth of the order of 0.03nm. 

5. A system as claimed In claim 3 or claim 4 f wherein the means for providing an illuminating beam comprises 
a pulsed laser source (12). 

6. Asystem as claimed In anyone of claims 3 to 5, wherein the means (10) for providing an Illuminating beam 
is arranged to provide illumination in the form of a multiplicity of independent light sources throughout the 
beam area. 

7. A system as claimed in any one of claims 1 to 6, wherein the means (1 0) for providing an illuminating beam 
is arranged to provide light that is temporally coherent but of limited spatial coherence, 

B. A system as claimed in claim 7. wherein the maximum phase-retardation produced by the transmission 
grating means (60) is substantially less than the number of waves of coherence of the light. 

9. A system as claimed in claim 8 f wherein the cumulative spherical aberration of the refractive lens elements 
(58, 82) is no more than about 75 wavelengths of the light and the light has temporal coherence of the 
order of 10 000 waves. 

1 0. A system as claimed in any one of claims 7 to 9, wherein the light source (10) comprises coherent light 
source means (12) and means (18) for control labty decreasing the spatial coherence in the light from the 
coherent light source means. 

11. A system as claimed in claim 10, including means (36) responsive to the light for sensing the degree of 
spatial coherence, means (38) responsive to the sensed degree of spatial coherence for controlling the 
means (24, 34) for decreasing the same, and wherein the light source means comprises means (12) for 
providing pulse sequences of light 

1 2. A system as claimed in claim 1 1 , wherein the means (1 8) for contrdlably decreasing the spatial coherence 
comprises a pair of surfaces (19, 27) having randomized phase transmissive patterns in the path of the 
light and means for moving one of the surfaces relative to the other during the pulse sequences. 

13. Asystem as claimed In any one of claims 10 to 12, wherein the light source (10) provides of the order of 
10 2 point sources of light on each point at the image plane. 

14. A system as claimed in any one of claims 10 to 13, wherein the illuminating means (10) comprises an 
excimer laser (1 2) , etalo n tuning cavity (1 4), and phase randomizer means (1 8) comprising a pair of quasi- 
random phase plates (19, 27) in the path of the illumination and means (24) for varying the spatial rela- 
tionship of the light sources relative thereto. 

15. A system as claimed in any one of claims 10 to 14, which comprises means (44) responsive to the light 
energy of the illuminating means (12) for controlling the duration of exposure, 

1 $. A system as claimed in any one of claims 3 to 1 5, wherein the light is monochromatic light at about 248 
nm wavelength and the periodicity of the light is such that the waves have a temporal coherence at least 
50 times greater than the maximum phase delay. 

1 7. A system as claimed in any one of claims 1 to 1 6, which has a critical aperture and wherein the transmis- 
sion grating means (60) is disposed at the critical aperture. 

1 8, A system as claimed in any one of claims 1 to 1 7, wherein the sets (68) of plateaus (70) provide Incremental 
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amounts of phase retardation in the light energy at the critical aperture and the light source means (10) 
provides a plurality of light sources distributed throughout a beam area. 

19. Asystem as claimed In claim 18, wherein the sets (68) of plateaus (70) comprise concentric circular pat- 
terns (80*85). 

20. A system as claimed in claim 19, wherein the circular patterns have non-linearly varying widths. 

21. Asystem as claimed in claim 19 or claim 20, wherein the plateaus (70) are in multi-plateau rings (68) hav- 
ing substantially periodic radial width and spacing. 

22. Asystem as claimed in anyone of claims 19 to 21 , wherein the transmission grating means (60) comprises 
a system of concentric multi-plateau rings (68) having different slopes and widths, and providing progres- 
sively varying amount of phase delay In the Illumination passing therethrough In Increments to an Integral 
maximum to provide of the order of about 1/20 wave precision throughout the composite wavefront 

23. A system as claimed in any one of claims 1 9 to 22, wherein the optical system (56, 62) has spherical type 
aberration and the non-linear patterns of the grating means (60) produce a varying phase retardation as 
a function of radius, the phase retardation opposing and compensating the spherical type aberration of 
the optical system with respect to a phase reference. 

24. A system as daimed in any one of claims 18 to 23, wherein the transmission grating means (60) has an 
inner sector comprising a first plurality of rings (68) each defined by a succession of plateaus (70); an 
intermediate sector comprising a second plurality of rings (88) each defined by a succession of plateaus; 
and at least one reference sector having a plurality of rings (228) of alternating transmissive and non- 
trans missive material defining a grating; wherein all of the rings are concentric with a central axis. 

25. A system as claimed In claim 24, wherein the first plurality of rings (68) Is dimensioned with thicknesses 
and widths for selective phase delay of local wavefronts of light in the ultraviolet region with the individual 
plateaus (70) varying by regular fractions of the wavelength of the ultraviolet light; wherein the thicknesses 
and widths of the second plurality of rings (86) in the transmissive region are selected to modify the local 
wavefronts of light in the red region; and wherein the or at least one said reference sector (228) includes 
bands (232, 237) of radially separated alignment grating rings having selected light bending powers, an 
outermost set of fiducial rings (1 51), and an innermost set of fiducial rings (1 83). 

26. A system as claimed in claim 25, wherein the substrate (64) has a base height level and tracks within the 
rings (68) define individual plateaus (70) varying by one-eighth increments having a maximum height 
equal to approximately seven-eighths of the wavelength of the mono-chromatic light divided by the dif- 
ference between the Indices of refraction of the substrate and of the surrounding air, there being eight 
plateaus per nominal ring (68), and at least some tracks are partially opaque to provide light blockage of 
the local wavefronts thereat, and wherein the plateau sequences are interrupted In phase fashion (86) to 
provide a pupil function having at least three zones in the ultraviolet light transmissive region. 

27. A system as claimed in any one of claims 1 to 26, wherein the optical system (58, 62) has a known chro- 
matic dispersion and the chromatic dispersion in the grating means (60) opposes that in the optical sys- 
tem. 

28. A system as claimed in any one of claims 1 to 27, wherein the sets (68) of plateaus are configured with 
at least one 90° or 180° phase change (86) at some fraction of the critical aperture. 

29. A system as claimed In any one of claims 1 to 28, wherein the sets (68) of plateaus are configured with 
phase changes (86) at various incremental radii, providing a pupil function comprising mare than one an- 
nular zone. 

30. A system as claimed in any one of claims 1 to 29 t wherein selected ones of the plateaus (70) are partially 
transmissive or opaque in accordance with a selected pupil function. 

31. A system as claimed in any one of claims 1 to 30, wherein the optical system (58, 62) and phase trans- 
mission grating means (60) are configured to bend the light into converging planar wavefronts generating 
narrow elongated illumination along a central axis. 
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32. A system as claimed In any one of claims 1 to 31 , wherein the optical system comprises a cylindrical lens 
means and the phase transmission grating comprises a plurality of substantially parallel multi-plateau 
tracks substantially parallel to the axis about which the cylindrical lens means curves. 

33. A system as claimed In any one of claims 1 to 32, which comprises a microscope for viewing a specimen, 
the microscope including refractive elements having a degree of tolerated spherical type aberration and 
the grating means compensating for the spherical type aberration. 

34. Asystem as claimed In any one of claims 1 to 33, wherein the optical system comprises transparent cover 
means and the grating means compensates for spherical aberration from the cover means. 

35. A system as claimed In any one of claims 1 to 34. wherein the refractive lens elements (58, 62) together 
provide light imaging possessing a high degree of correction for aberration components which vary as 
the image height or as the angular orientation of the ray meridian at the critical aperture; and the trans- 
mission grating means (60) is at the critical aperture in the path of the beam illumination and cooperates 
with the refractive lens elements for phase delay and redirection of the illumination in accordance with a 
second predetermined function of the ray height at the critical aperture. 

36. A system as claimed in any one of claims 1 to 35, wherein the transmission grating means (60) is a blazed 
grating plate having a microlithographic pattern of Incrementally varying narrow tracks (70), the differen- 
tial height of the tracks on the plate being at a maximum proportioned to the ratio of one wavelength of 
incident monochromatic light at a selected wavelength divided by the Index of refraction of the plate (60), 
the width of the tracks being proportioned to provide local phase delay of the wavefront according to a 
predetermined function to within about 1/20 wavelength of the monochromatic light over the aperture to 
effect redistribution of the microstructure of the wavefront 

37. A system as claimed in claim 36 f wherein the monochromatic light is in the ultraviolet region, wherein the 
tracks (70) are concentric and arranged in periodic sequences in which heights vary progressively, and 
wherein the track widths at the minimum are of the order of 1 micron. 

38. Asystem as claimed in any one of claims 1 to 37, wherein there is a pupil function comprising six annular 
zones (60-85) for increase of depth of focus, and wherein the tracks or plateaus (68) are arranged in rings 
(70) having 6 tracks per nominal ring varying Incrementally in 1/8th wavelength optical retardation steps 
from 0 to 7/8th wave height and the maximum height differential of the tracks is about 0.427 micrometres. 

39. A system as claimed In any one of claims 1 to 38, wherein the plateaus (70) are defined by llght- 
transmtssive silica layers deposited on a light-transmlsslve substrate (64). 

40. A system as claimed in claim 39, wherein the plateaus (70) are defined by layers of varying depths re- 
moved from the nominal surface of a light-transmissive substrate (201). 

41 . Asystem as claimed in any one of claims 1 to 40, wherein the transmission grating means (60) comprises 
at least one phase ptate comprising a holographic element operating in a Bragg regime and also func- 
tioning as an asphere to compensate for residual aberration in the refractive elements. 

42. A system as claimed In any one of claims 1 to 41, wherein the at least one phase ptate (60) comprises 
means defining an areally distributed transmissive element compensating for spherical -type aberration 
and non-spherical aberrations. 

43. A system as claimed in claim 42, wherein the non-spherical aberrations comprise chromatic aberration. 

44. A system as claimed in claim 43, wherein the cumulative chromatic aberration of the refractive elements 
(58, 62) is positive, and that of the transmission grating means (60) is negative, at least at a selected wa- 
velength. 

45. A system as claimed in claim 43, wherein the plurality of refractive lenses (58, 62) have in combination 
a negative chromatic dispersion, and the transmission grating means (60) has a positive base power cur- 
vature opposing but substantially matching the chromatic dispersion of the refractive lenses. 

46. A system as claimed in any one of claims 43 to 45. wherein the monochromatic illuminating means (10) 
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comprises an exclmer laser (12) having a chromatic spread compensated by the correcting phase plate 
(60). 

47. A system as claimed in any one of claims 1 to 46, which comprises at least two phase plates (60) disposed 
serially along the optical system. 

48. A system as claimed in any one of claims 1 to 47, including a first transmission grating structure (68) de- 
fined by the said transmission grating means (60); a second transmission grating structure (B8) displaced 
from the first-mentioned transmission grating structure; and second monochromatic tight source means 
(90) of a second wavelength illuminating the second transmlssrve grating structure for alignment of the 
object (52) being illuminated. 

49. A system as claimed in clalm48, wherein the first transmission grating pattern (68) Is defined by a plurality 
of concentric tracks (70) in an Interior region of the said transmission grating means (60), and wherein 
the second transmission grating structure (88) is an annular pattern disposed about the interior region. 

50. A system as claimed in claim 49, wherein the first and second transmission grating structures each com- 
prise a plurality of concentric rings (68, 88) each defined by a progression of varying height plateaus (70) 
on a transmissive substrate (64). 

51. A system as claimed in claim 50, wherein the first illuminating beam is in the ultraviolet region, and wherein 
the second monochromatic light source means (90) operates in the red region, and wherein the second 
monochromatic light source means and the second transmission grating structure (88) provide a finely 
focused reference beam at an object plane for the image defined by the first illuminating beam and the 
first transmission grating structure (68). 

52. A system as claimed in claim 51, comprising aspherlc means (93, 94) disposed along the optical path 
thereof for shaping the light from the second light source (90) into an annular pupil of diameter correspond- 
ing to that of the second transmission grating structure (88). 



Pate ntansp ruche 

1 . System zum Erzeugen eines Bildes, mit: einer Einrichtung (10) zum Liefern eines Ausleuchtstrahles von 
Ucht, das Ober elne vorbestlmmte mini mate Zettdauer zeitltch kohSrent 1st, entlang eines optischen Wa- 
ges; einer Vieizahl von brechenden Unsenelementen (58, 62) In dem optischen Pfad, so angeordnet, da& 
sie das Bild mit einer vorbestimmten Aberration projtzieren; und einer Durchla&-Gittereinrichtung (60) in 
Reihe mit den brechenden Unsenelementen entlang des optischen Pfades zum Erzeugen lokal sich fin- 
dernden phasenverzogerter und neu oiientierter Welien in dem Strahl, urn wenigstens teilweise die Ab- 
erration zu kompensieren; dadurch gekennzeichnet daft die Durchlaft-Oittereinrichturtg eine Vieizahl von 
Segmenten (68) auf weist, jedes mit einer Anzahl von Plateaus (70), wobei die optische Verzdgerung jedes 
der Plateaus inner heJb jedes derSegmente durch etnen bruchteilartigen Wellenl&ngenzuwachs in bezug 
auf die optische Verzogerung des vorengehenden Plateaus variiert und da& die Stelgungen der Se^m an- 
te, bestlmmt durch die Verbundkontur, die durch die entsprechenden Sfitze der Plateaus bestimmt 1st, 
auf Winkel beschrflnkt slnd, be! denen die KrOmmung der lokalen Wellenf rant die durch die Durchla&- 
Gittereinrichtung (60) Iduft, ungefahr 5° nicht uberechreitet 

2. System nach Anspruch 1 , bet dem die max! male KrOmmung des Lichtes, verureacht durch die Durchla&- 
Gittereinrichtung (60), ungefShr3° betragt 

3. System nach Anspruch 1 Oder Anspruch 2, bei dem die Einrichtung zum Liefern eines ausleuchtenden 
Strahles eine im wesentlichen monochromatische Uchtquelle (10) aufweist 

4. System nach Anspruch 3, bei dem das Licht im ultravioletten Bereich des Spektrums liegt und eine Band- 
bre'rte der Grdftenordnung von 0,03 mm hat. 

5. System nach Anspruch 3 oder Anspruch 4, bei dem Einrichtung zum Liefern eines ausleuchtenden Strah- 
les eine geputste Laserqueile (12) umfaGt 
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6. System nach einern der AnsprOche 3 bis 5, be! dem die Einrichtung (10) zum Uefern elnesausleuchtenden 
Strahles so angeordnet ist, daft sie die Ausleuchtung in Form elner Vielzahl unabhfingiger Lichtquellen 
durch den Strahlbereich liefert 

7. System nach einem der AnsprOche 1 bis 6 t bel dem die Einrichtung (10) zum Liefern eines ausleuchtenden 
Strahles so angeordnet ist. daB sie Ucht liefert daft zeitlich koharent, jedoch von begrenzter rSumlicher 
Koharenz ist 

B. System nach Anspruch 7, bei dem die maximale Phasenverzdgerung, die von der DurchlaB-Gittereinrich- 
tung (16) erzeugt wird, wesentlteh Weiner als die Zahl der Kohflrenzwellen des Llchtes ist 

9. System nach Anspruch 8, bei dem die kumulatrve spharlsche Aberration der beugenden Llnsenelemente 
(58, 62) nlcht mehr als etwa 75 Weltenlfingen des tichtes betrfigt und das Ucht sine zeitliche Kohftrenz 
der Grd&enordnung von 10.000 WeJIen hat. 

10. System nach einem der AnsprOche 7 bis 9, bei dem die Uchtquelle (10) ein Quellenmittel fur koharentes 
Licht (12) und eine Einrichtung (1B) zum steuerbaren Absenken der rSumJichen KohSrenz im Ucht aus 
dem QueUenmtttel fur koharentes Ucht aufweist 

11. System nach Anspruch 10, einschlieGlich einer Einrichtung (36), die auf das Ucht anspricht urn den Grad 
der raumlichen KohSrenz zu erfOhlen, einer Einrichtung (68) f die auf den erfaBten Grad der raumlichen 
KohSrenz anspricht, zum Steuern der Einrichtung (24, 34) zum Absenken derseiben, und wobei die Ucht- 
queilenmittel eine Einrichtung (12) zum Liefern von Uchtpulssequenzen umfeftt 

12. System nach Anspruch 11, bei dem die Einrichtung (18) zum steuerbaren Absenken der rfiumllchen Ko- 
harenz ein Paar von FlSchen (19, 27) mR zufallsartlgen phasen-durchiftsslgen Mustern in dem Weg des 
UchtBs und eine Einrichtung zum Bewegen elner der Flfichen relatlv zu der anderen wflhrend der Puls- 
sequenzen umfa&t 

13. System nach einem der Anspruche 10 bis 12. bei dem die Lichtquelie (10) in der GrOBenordnung von 10 2 
Quellpunkten des Lichtes auf jeden Punkt in der Bildebene liefert 

14. System nach einem der Anspruche 10 bis 13, bei demdie Ausleuchteeinrichtung (10)einen Excimerlaser 
(12), einen EtaJorvAbstimmhohlraum (14) und eine Phasen-Zufallsgeneratoreinrichturig (18) mit einem 
Paar Quasi-ZufeJIs-Phasenplatten (19, 27) tn dem Ausleuchtepfad und eine Einrichtung (24) zum Andern 
der raumlichen Beziehung der Lichtquellen relativ dazu umfa&t 

15. System nach einem der Anspruche 10 bis 14, welches eine Einrichtung (44) aufweist, die auf die Licht- 
energie der Ausleuchtelnrtchtung (12) zum Steuern der Belichtungsdauer anspricht 

16. System nach einem der AnsprOche 3 bis 15, bel dem das Ucht monochromatisches Ucht einer Wellen- 
iange von etwa 248 nm ist und die PeriodizitSt des Uchtes derart ist da& die Wellen eine zeitliche Koha- 
renz haben, die wenigstens 50 mal gr6Ber als die maximale Phasenverzfigerung ist. 

17. System nach einem der AnsprOche 1 bis 16, welches eine kritische Apertur hat und bei dem die DurchlaB- 
Gittereinrichtung (60) an der kritischen Apertur angeordnet ist. 

1B. System nach einem der AnsprOche 1 bis 17, bei dem die Satze (68) der Plateaus (70) zunehmende Be- 
trflge der PhasenverzSgerung in der Uchtenergie bei der kritischen Apertur liefern und die Uchtquellen- 
einrichtung (10) eine Vieizahl von Uchtquellen, die uber den Strahlbereich vertellt sind, schafft 

19. System nach Anspruch 18, bei dem die SStze (68) der Plateaus (70) konzentrische kreisformige Muster 
(80 - 85) auf wetsen. 

20. System nach Anspruch 19, bel dem die krelsformigen Muster alch nlchtlinear findernde Brelten haben, 

21. System nach Anspruch 19 oder Anspruch 20, bel dem die Plateaus (70) Multl-Plateau-Rlnge (68) mlt Im 
wesentlichen perlodlscher radialer Br ite und Beabstandung sind, 

22. System nach einem der Anspruche 1 9 bis 21 , bei dem die DurchlaB-GHtereinrtehtung (60) ein System kon- 
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zentrischer MuJtl-Plateau-Ringe (68) mlt unterschiedllchen Stelgungen und Breiten aufweist und elnen 
sich fortschreitend Sndernden Betray der Phaeenverzfigerung bei der Beleuchtung Itefert, die hindurch- 
lauft. in Zuwachsen bis zu einem ganzzahllgen Maximum, urn eine GrdBenordnung von 1/20 WeJIen in 
der Genauigkert durch die zusammengesetzte Wetlenfront zu liefern. 

23. System nach einem der AnsprQche 1 9 bis 22, bet dem das optische System (58, 62) eine Aberration vom 
spharischen Typ hat und die nichtlinearen Muster der Gfttereinrichtung (60) eine sich Sndernde Phasen- 
verz6gerung ais eine Funktlon des Radius erzeugen, wobei die Phaaenverz8gerung der Aberration vom 
spharischen Typ des optbchen Systems in bezug auf eine Phasenreferenz entgegengesetzt tat und diese 
kompenslert 

24. System nach einem der Ansprflche 1 8 bis 23 f bei dem die DurchtaCUGttterelnrlchtung (60) einen inneren 
Abschnitt mit einer eraten Vieizahl von Ringen (68), jeder definiert durch eine Abfolge von Plateaus (70); 
einen Zwlachertabschnitt mit einer zweiten VietzaN von Ringen (88), Jeder definiert durch eine Abfolge 
von Plateaus; und wenigstens elnen Bezugssektor mit einer Vieizahl von Ringen (228) aus abwechselnd 
durchlasslgem und ntehtdurchlassigem Material, das ein Beugungsgitter definiert, aufweist; wobei alle 
Ringe zu einer Mittelachse konzentrisch sind. 

25. System nach Anspruch 24, bei dem die erste Vieizahl von Ringen (68) bezugtich Dicken und Breiten fur 
die selective Phasenverzogerung lokaler Ucht-Wellenfronten in dem uttraviotetten Bereich mlt einzelnen 
Plateaus (70) bemessen 1st, sich findernd durch regelmfi&lge Bruchtelle der Wellenlfinge des ultraviolet- 
ten Uchtes; wobei die Dicken und Breiten der zweiten Vieizahl von Ringen (88) In dem durchl&sslgen Be- 
reich so gewahtt werden, daft die lokaJen Wetlenf ronten des Uchtes In dem roten Bereich modif iziert wer- 
den; und wobei die Oder wenigstens einer der Referenzsektoren (228) Bander (232, 237) radial getrennter 
Ausrichte-Gitterringe mit ausgewdhtten Uchtkrumrnleistungen, einen Sufcersten Satz von Bezug srin gen 
(151) und einen innersten Satz von Bezugsringen (183) umfaBL 

28. System nach Anspruch 25, bei dem das Substrat (64) einen Basishohenwert hat und Spuren fnnerhalb 
der Ringe (68) einzelne Plateaus (70) def inieren, die sich durch Zuwachse von einem Achtel mit einer ma- 
ximaten Hone gletch etwa sieben Achteln der Wellenlange des monochromatischen Uchtes geteilt durch 
den Unterschled zwischen den Brechungstndizles des Substrates und der umgebenden Luf tandem, so 
dafc acht Plateaus pro nominal em Ring (68) vortiegen, und wenigstens einlge Spuren teilweise undurch- 
lasslg sind, urn etna Uchtblockierung der lokalen Wellenf ronten zu schaffen, und wobei die Abfolgen der 
Plateaus in der Art der Phase (86) unterbrochen werden, urn eine Pupillenfunktion zu liefern, die wenig- 
stens drei Zonen in dem fur uUraviotettes Ucht durchlasslgen Bereich hat 

27. System nach einem der Anspruche 1 bis 26, bei dem das opttsche System (58, 62) eine bekannte chro- 
matische Dispersion hat und die chromatische Dispersion in der Gittereinrichtung (60) der des optischen 
Systems entgegengesetzt ist 

28. System nach einem der Anspruche 1 bis 27, bei dem die Satze (68) der Plateaus mit wenigstens einer 
Phasenanderung (86) von 90° Oder 180° bei einem Bruchteil der kritlschen Apertur ausgebildet sind. 

29. System nach einem der Anspruche 1 bis 28, bei dem die S&tze (68) der Plateaus mit Phasenanderungen 
(86) an verschledenen zunehmenden Radlen ausgebildet sind, wobei eine Pupillenfunktion geblldet wird, 
die mehr als elnen rlngformigen Bereich umfa&t 

30. System nach einem der Anspruche 1 bis 29, bei dem ausgewShlte der Plateaus (70) teilweise durchlSsslg 
oder undurchlassig sind, entsprechend einer ausgewShlten Pupillenfunktion. 

31 . System nach einem der Anspruche 1 bis 30, bei dem das optische System (58, 62) und die Phasendurch- 
lalVGfttereinrichtung (60) so ausgebildet sind, da& das Ucht in konvergierende ebene Weltenfronten ge- 
krummt wird, welche eine enge langgestreckte Ausleuchtung entlang einer Mittelachse erzeugen. 

32. System nach einem der AnsprOche 1 bis 31, bei dem das optische System eine zyiindrische Linsenein- 
richtung aufweist und das PhasendurchlalV-Gitter eine Vieizahl im wesentlichen paralleler Multi-Plateau - 
Spuren aufweist, im wesentlichen parallel zu der Achse, urn die sich die Zylinderlinseneinrichtung 
krttmmt. 
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33. System nach elnem der AnsprOche 1 bis 32 f das eln Mlkroskop zum Betrachten elnes Gegenstandes auf- 
weist wobei das Mikroekop beugende Element mtt einem Grad der toterierten Aberration vom sphfirischen 
Typ urrrfa&t und die Gitterelnrichtung die Aberration vom sphfirischen Typ kompensiert 

34. System nach einem der AnsprQche 1 bis 33 f bei dem das optische System transparente Abdeckelnrich- 
tungen umfafitund die Gitterelnrichtung die sphfirtsche Aberration der Abdeckeinrichtung kompensiert. 

35. System nach einem der Anspruche 1 bis 34, bei dem die brechenden Unsenelemente (58, 62) zusammen 
die Lichtabbildung liefern, welche einen hohen Grad der Korrekturder Aberrationskomponenten besitzt, 
welche sich mlt der Blldhohe Oder mtt der Wlnkelrtehtung des Strahlenmertdlans bet derkritlschen Apertur 
findern; und die DurcNaft-Glttereinrfchtung (60) an der kritlschen Apertur In dem Weg der Strahlausieuch- 
tung 1st und mlt den brechenden Unsenetementen fur dte Phasenverzogening und Neuausrlchtung der 
Beleuchtung gemfifc elner zweiten vorbestimmten Funktion der Strahlhdhe an der kritischen Apertur zu- 
sammenwirkt. 

36. System nach einem der Anspruche 1 bis 35, bei dem die DurcrdaB-GittBreinrichtung (60) elne markierte 
Gitterleuchtplatte mil elnem mikrolithographischen Muster von sich zunehmend findernden engen Spu- 
ren (70) 1st wobei die differentlelle Hdhe der Spuren auf der Platte auf einem Maximalwert ist, abgestuft 
auf das VerhSttnis einer Weitenl&nge des einfaOenden monochromattechen Lichtes bei einer ausgewahl- 
ten Wellenlfinge, dividiert durch den Brechungsindex der Platte (60), wobei die Breite der Spuren so ab- 
gestuft 1st, daft elne lokale Phasenverzogerung der Wellenf ront entsprechend elner vorbestimmten Funk- 
tion bis innerhalb etwa 1/20 Weilenla'ngen des irranochromatlschen Uchtes Gberdle Apertur gel lefertwlrd, 
um die Neuvertellung der Mlkrostruktur der Wellenf rant zu bewfrken. 

37. System nach Anspruch 36, bei dem das monochrornatische Ltcht in dem ultravioletten Bereich liegt, bei 
dem die Spuren (70) konzentrisch und in period ischen AbfoJgen angeordnet sind. bei denen die Hohen 
sich progresstv andern, und bei dem die Spurbreiten im Minimum in der Gro&enordnung von einem Mi- 
krometer sind. 

38. System nach einem der Anspruche 1 bis 37, bei dem es eine Pupillenf unktion mit sechs ringfSrmigen Zo- 
ne n (60 - 85) fur die Zunahme der Fokustiefe gibt und bei dem die Spuren Oder Plateaus (26) in Ringen 
(70) mit acht Spuren pro nominalem Ring angeordnet sind, wobei sie inkrementa! mtt 1/8 Wellenlangen 
optlscher Verzogerungsschrftte von 0 bis 7/8 Wellenhfihen varlleren und dte maxlmale HohenSnderung 
der Spuren etwa 0,427 Mlkrometer betragt 

3d. System nach elnem der AnsprOche 1 bis 38, bei dem die Plateaus (70) durch Hchtdurchlassige SHizium- 
oxidschichten defintert sind, die auf einem lichtdurchl&sstgen Substrat (84) abgelagert sind. 

40. System nach Anspruch 39, bei dem die Plateaus (70) durch Schichten sich andernderTiefen definiertsind, 
die von der nominalen Ftache eines lichtdurchlassigen Substrates (201 ) entfernt warden. 

41. System nach einem der AnsprOche 1 bis 40, bei dem die DurchlaO-Gittereinhchtung (60) wenigstens eine 
Phasenpiatta aufweist, welche ein holographisches Element e nth alt, das in einem Bragg-Bereich arbeitet 
und auch als ein aspharlsches Element wirtt, auf weist, um die Rest-Aberration der brechenden Elements 
zukompensieren. 

42. System nach einem der Anspruche 1 bis 41 , bei dem wenigstens eine Phasenptatte (60) eine Einrichtung 
aufwelst, welche eln flachenmaOlg aufgeteiltes durchtftssiges Element defintert, das die Aberration vom 
sphfirischen Typ und die nicht-sphartsche Aberration kompensiert. 

43. System nach Anspruch 42, bei dem die nicht-spharische Aberration die chroma tische Aberration umfa&t. 

44. System nach Anspruch 42, bei dem die ku mutative chromatische Aberration der brechenden Elemente 
(58, 62) posrtiv 1st und die der DurchlaO-Gittereinrlchtung (60) negativ ist, wenigstens bei einer ausge- 
wahlten Weltenlange. 

45. System nach Anspruch 43, bet dem die Vielzahl der brechenden Linsen (58, 62) in Kombi nation eine ne- 
gative chromatische Dispersion haben und die DurchiaO-Gfttereinhchtung (60) eine positive Basistei- 
stungskrummung hat, entgegengesetzt, jedoch im wesentlichen angepsBt an die chromatische Disper- 
sion der brechenden Linsen. 
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4S. System nach efnem der AnsprOche 43 bis 45, bet dem die monochrornatlsche Aus! uchtetnrfchtung (10) 
einen Excimerlaser (12) aufweist mit einer chromatisch n Sbeuerung, die durch die korrigierende Pha- 
senplatte (60) kompenslert wird. 

47. System nach einem der AnsprOche 1 bis 46, das wenigstens zwei Phasenplatten (60) aufweist, die in Re4- 
he entlang des optischen Systems angeordnet sind. 

4B. System nach einem der AnsprOche 1 bis 47, elnschlie&lich einer ersten Durchlafi-Gitterstruktur (68), de- 
f iniert durch die Ourchla&-Qfttereinrichtung (60); eine zweite Durchlaa-Gitterstruktur (88), von der erst- 
genannten DurcNafc-Gltterstruktur abgesetzt; und einer zwelten monochromatischen Llchtquellenelrv- 
rlchtung (90) einer zwetten Wellenlfinge, die die zwette DurchlaO-Gttterstruktur zum Ausrichten das Ob- 
jektes (52), das ausgateuchtet warden soil, ausleuchtet 

49. System nach Anspruch 48, bel dem das erste Durchlafi-Gfttermuster (68) durch eine VlelzaN konzentri- 
scher Spuren (70) in einem Innenbereich der DurchiaMBtttereinrichtung (60) def iniert 1st und bei dem die 
zweite DurchlaO-Gitteretruktur (88) ein ringformiges Muster ist. daft urn den Innenbereich angeordnet ist 

50. System nach Anspruch 49. bei dem die erste und zweite Ourchiaa-Gitterstruktur jewetts eine Vietzahl kon- 
zentrischer Ringe (68. 88) aufweist, jede def iniert durch eine Stufenfolge von Plateaus sich andernder 
H6he (70) auf einem durchlassigen Substrat (64). 

51. System nach Anspruch 50, be) dem der erste ausleuchtende Strahl im ultravioletten Bereich liegt und bei 
dem die zweite monochromattsche Uchtquelleneinrichtung (90) in dem roten Bereich arbeitet und bei dem 
die zwette monochromatische Uchtquelleneinrichtung und die zwette Durchla&-Gitterstruktur (88) einen 
felnfokussierten Referenzstrahl In einer Objektebene fOr das Blld, das durch den ersten ausleuchtenden 
Strahl und die erste DurchlaB-Gitterstruktur (68) definiert ist, llefern. 

52. System nach Anspruch 51. mit aspharischen Einrichtungen (93, 94), die entlang dem optischen Weg an- 
geordnet sind, urn das Ucht aus der zweiten Lichtquelle (90) in eine ringformige Pupitle eines Durchmes- 
sers zu formen. der dem der zweiten DurchlaB-Gitterstruktur (88) entspricht. 



Revendlcatlons 

1. Systeme pour produtre une Image, comprenant : un moyen (10) de fournir un faisceau d'eclalrage de lu- 
miere temporelle coherente au-dela d'une perlode de temps minlmale predetermines le long d'une tra- 
jectoire optique ; une piuraiit* de lentilles refractive* (58, 62), sltuees aurladite trajectoire optique et drs- 
posees de fa con a projeter ladite image avec une aberration predeterminee ; et un moyen a grille de trans- 
mission (60) monte en serfe avec les lentiKes refract Ives (58, 62) le long de ladite trajectoire optique pour 
produtre localement un retard de phase variable et pour rediriger les ondes a finfcerieur du faisceau lumi- 
neux pour compenser au moins partiellement ladite aberration, ce systeme 6tant caracterise en ce que 
le moyen a grille de transmission (60) comporte une pluraiite de segments (68) poss6dant chacun un grou* 
pe de paliera (70), te retardement optique de chacun des paliera a I'interieur de chacun des segments 
variant d T un increment fractionnel de longueur d'onde par rapport au retardement optique du precedent 
pallet, et en ce que les pontes des segments ctetermlnees par le contour composite deflnl par le groupe 
correspondant de paliera sont limitees aux angles auxquels la flexion du front d'onde local passant au 
travers du moyen a grille de transmission (60) ne depasse pas 5° environ. 

2. Systeme selon la revendication 1 , dans lequel la flexion maximale de fa lumiere provoquee par le moyen 
a grille de transmission (60) est cT environ 3°. 

3. Systeme selon la revendication 1 ou la revendication 2, dans lequel le moyen de fournir un faisceau 
d'eclairage comprend une source de lumiere essentiellement monochromatique (10). 

4. Systeme selon la revendication 3, dans lequel fa lumiere est emise dans la region de la lumiere ultra-vio- 
let te du spectre lumtneux et a une largeur de bande de I'ordre de 0,03 nm. 

5. Systeme selon la revendication 3 ou la revendication 4. dans lequel le moyen de fournir un faisceau 
d^clairage comprend une source a rayon laser impulsion nel (12). 
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6. System seion Tune quelconque des revendications 3 4 5, dans lequel le moyen de fournir un falsceau 
d'edairage (1 0) est dispose de facon a fournir une illumination sous la forme d'une multitude de sources 
lumineuses independantes eur toute la zone du faisceau tumlneux. 

7. Systems selon Tune quelconque des revendications 1 a 6, dans tequel le moyen de fournir un faisceau 
d'edairage (10) est dispose de facon a fournir de la lumiere temporelle coherente mais de coherence spa- 
tiale limitee. 

8. Systeme selon la revendication 7, dans lequel le retardement de phase maximal produit par le moyen a 
grille de transmission (60) est essentiellement inferieur au nombre d'ondes de coherence de la lumiere. 

9. Systeme selon la revendication 8, dans lequel ('aberration sph^rique cumutee des lentittes ref ractlves (58, 
62) n'est pas superfeure a 75 longueurs d'onde de la lumiere et la lumiere a une coherence temporelle 
de t'ordre de 10 000 ondes. 

1 0. Systeme selon Tune quelconque des revendications 7 a 9, dans lequel la source lumineuse (1 0) comprend 
un moyen a source de lumiere coherente (12) etun moyen (1 8) de reduire defacon controlee la coherence 
spatlale de la lumiere emise par le moyen a source de lumiere coherente (12). 

11. Systeme selon la revendication 10, induant un moyen (36) sensible a la lumiere pour capter le degre de 
coherence spatiale, un moyen (38) sensible au degre de coherence capt£ pour contrdterle moyen (24 f 
34) de reduire la coherence spatiale, et dans lequel le moyen a source lumineuse comprend un moyen 
de fournir des sequences d'impulsions lumineusas (12). 

1 2. Systeme selon la revendication 11, dans lequel le moyen (18) de reduire de facon controlee la coherence 
spatlale comprend deux faces (19, 27) ayant des modeles de transmission de phase aleatolre dans la 
trajectofre de la lumiere, et un moyen pour deplacer une de cos faces par rapport 6 I'autre pendant les 
sequences d'impulsions. 

13. Systeme selon Tune quelconque des revendications 10 a 12, dans lequel la source lumineuse (10) fournit 
environ 102 sources de point de lumiere sur chaque point du plan de I' image. 

14. Systeme selon Tune quelconque des revendications 10 a 13, dans lequel le moyen d'edairage (10) est 
constitue par un laser a I'excimer (halide de gaz rare) (1 2), une cavite de reglage d'6talon (14) et un moyen 
generateur de phases aleatolres (18) comprenantdeux plaques de phases quasi aleatotres (1 9, 27) dans 
la trajectoire d'ilkimination et un moyen (24) de verier la relation spatiale des sources de lumiere par rap- 
port a ces deux plaques de phases aleatotres (19, 27). 

15. Systeme selon Tune quelconque des revendications 10 a 14, qui comprend un moyen (44) sensible a 
I'energle lumineuse du moyen d'edairage (12) pour contrdterla duree d'exposttion. 

16. Systeme selon Tune quelconque des revendications 3 a 15, dans lequel la lumiere est une lumiere mo- 
nochromatique de longueur d'onde d'environ 248 nm et dont la periodicite est telle que les ondes ont une 
coherence temporelle qui est au moins 50 fois superieure au retard de phase maximal, 

17. Systeme selon I'une quelconque des revendications 1 a 16, qui possede une ouverture critique etdans 
tequel le moyen a grille de transmission (60) est place a cette ouverture critique. 

18. Systeme selon I'une quelconque des revendications 1 a 17, dans lequel les groupes (68) de paliers (70) 
fournissent des quantites increment ielles de retard de phase de I'energie lumineuse a Touverture critique 
et le moyen a source lumineuse (10) fournit plusieurs sources Iumineuse3 reparties sur toute une zone 
du faisceau lumineux. 

19. Systeme selon la revendication 18, dans lequel les groupes (68) de paliers (70) sont constftu6s par des 
motifs circulates concentrlques (80-85). 

20. Systeme selon la revendication 19, dans lequel les motifs drculaires ont des largeurs qui varient de ma- 
niere non lineaire. 

21. Systeme selon la revendication 19 ou la revendication 20, dans lequel les paliers (70) se presentent sous 
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la forme d'anneaux a palters multiples (68) qui ont une largeur radiaie et des Intervalles essentlellement 
period iques. 

22. Systems selon Tune quelconque des re vend icat lone 19 a 21, dans lequel le moyen a grille de transmission 
(60) comprend un systeme d'anneaux a paliers multiples concentriques (68) ayant des pentes et des lar- 
geurs dif ferentes, et fournlssant une quantit6 de retard de phase de la lumtere qui traverse tedit systeme 
d'anneaux a paliers qui varie progressivement en Increments jusqu'a un maximum integral pour assurer 
une precision de I'ordre de 1/20 d'onde sur touts I'etendue du front d'onde composite. 

23. Systeme selon Tune quelconque des revend [cat tons 19 a 22. dans lequel le systeme optique (58, 62) a 
une aberration de type spherique ettes motifs non llnealres du moyen a grille de transmission (60) pro- 
dulsent un retard de phase qui varie en fonction du rayon, ce retard de phase s'opposant et compensant 
('aberration de type spherique du systeme optique par rapport a une reference de phase. 

24. Systeme selon I'une quelconque des revendications 18 a 23, dans tequel le moyen a grille de transmission 
(60) comporte un seoteur interieur comprenant une premiere pluraiite d'anneaux (68) chacun def ini par 
une succession de paliers (70), un secteur intermediate constitue par une seconde pluraiite d'anneaux 
(68) chacun definl par une succession de palters, et au moins un secteur de reference ayant une pluraiite 
d'anneaux (226) en materiau atternativement transmetteur etnon transmetteurde lumiere def inissant une 
gride ; dans lequel tous les anneaux sont concentriques par rapport a un axe central. 

25. Systeme selon la revendlcatfon 24, dans lequel la premiere pluraiite d'anneaux (68) a des epaisseurs et 
des largeurs determineea pour fourntr un retard de phase select If des fronts d'ondes locaux de la lumiere 
emlse dans la region des ultra-violets, les paliers individuals (70) variant selon des fractions regulieres 
de ta longueur d'onde de la lumiere ultra-violette ; dans lequel les epaisseurs et tes largeurs de la seconde 
pluraiite d'anneaux (88) dans la region de transmission sont selectionnees en vue de modifier les fronts 
d'ondes locaux de la lumtere emise dans la region du rouge; et dans lequel au moins le secteur de refe- 
rence (228) comporte des bandes (232, 237) d'anneaux de grille d'atignement separes radialement et 
ayant des pouvoirs selectionnes de courbure de la lumiere, un groupe d'anneaux de reference (151) place 
a ta peripherie exterieure et un groupe d'anneaux de reference place a la peripherie interieure (1 83). 

26. Systeme selon la revendication 25, dans lequel le substrat (64) comporte un niveau de hauteur de base 
et des pistes a (Interieur des anneaux (68) qui def Inlssent les paliers individuals (70) qui variant par in- 
crements d'un huitieme avec une hauteur maxlmale egaJe a approxlmattvement sept hultiemes de la lon- 
gueur d'ondes de la lumiere monochromatique dlvisee par ta difference entre tes indices de refraction 
du substrat et de fair ambtant, tes paliers etant au nombre de hurt pour chaque anneau nominal (68), et 
au moins certaines des pistes etant partiel lament opaques pour assurer un blocage de la lumiere des 
fronts <f ondes locaux contre ces pistes, et dans lequel les sequences de paliers sont interrompues sous 
la forme d'une phase (86) pour etablir une fonction de pupille ayant au moins trois zones dans la region 
d'emlsslon de la lumiere ultra-violette. 

27. Systeme selon Tune quelconque des revendications 1 a 26, dans lequet le systeme optique (58, 62) a 
une dispersion chromatique connue et la dispersion chromatique dans le moyen a grille de transmission 
(60) s'oppose a la dispersion chromatique dans le systeme optique. 

28. Systeme selon Tune quelconque des revendications 1 a 27, dans lequel les groupes (68) de paliers (70) 
sont configures pour avoir au moins une transition de phase (86) de 90° ou 180° a certaines fractions de 
Touverture critique. 

29. Systeme selon Tune quelconque des revendications 1 a 28, dans lequel les groupes (68) de paliers sont 
configures avec des transitions de phase a divers rayons incrementieis, pour etablir une fonction de pu- 
pille comprenant plusieurs zones annulaires. 

30. Systeme selon Tune quelconque des revendications 1 a 29, dans lequel certains des paliers (70) selec- 
tionnes peuvent transmettre partietlement la lumiere ou At re partietlement opaques selon une fonction 
de pupille selecttonnee. 

31. Systeme selon i'une quelconque des revendications 1 a 30, dans lequel le systeme optique (58, 62) et le 
moyen a grille de transmission (60) sont configures pour courber la lumiere en fronts d'ondes plans 
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convergents qui g6nerent des aiguilles de lumiere Hlumlnatrlce aJlongees le long d'un axe central. 

32. Systeme selon Tune quelconque des revend [cations 1 a 31, dans lequel le systeme optique com p rend 
constltue par un moyen a lentiltes cylindriques, etdans lequel la grille de transmission de phase comprend 
une pluralite de pistes a paliers multiples essentteltement penalities a Taxe autourduquel le moyen a len- 
tiltes cylindriques s'incurve. 

33. Systeme selon i'une quelconque des revendications 1 a 32, qui comprend un microscope pour examiner 
un echantillon, ce microscope comprenant des elements refractife ayant un degre d'aberration de type 
spherique tolere et le moyen a grille de transmission (60) compensant cette aberration de type spherique. 

34. Systeme selon I'une quelconque des revendications 1 a 33, dans lequel le systeme optique comprend un 
moyen a capuchon transparent etdans lequel le moyen a grille de transmission (60) compense I'aberra- 
tlon spherique du moyen a capuchon. 

35. Systeme selon Tune quelconque des revendications 1 a 34, dans lequel les elements de I en ti lies refrac- 
tives (56, 62) fournissent ensemble une image lumineuse possedant un degre slave de correction des 
composantes d'aberration qui varient en fonction de la hauteur de Hmage ou en fonction de I'orientation 
angulaire du rayon mertdien a rouverture critique; et le moyen a grille de transmission (60) est a I'ouver- 
ture critique dans la trajectoire du faisceau lumineux d'i Hum i nation et coopers avec les elements a lentiltes 
ref ractives pour le retard de phase et pour la flexion de la lumiere d'illumination conformement a une se- 
conde fonction predeterminee de la hauteur du rayon a 1'ouverture critique. 

36. Systeme selon la revendlcatlon 1 a 35, dans lequel le moyen a grille de transmission (60) so presente 
sous la forme d'un miroir plat a motif mlcrolltho-graphlque de pistes etroltes (70) a variation Incrementielle, 
la hauteur differentielle des pistes surla plaque etant au maximum proportionnelle au quotient d'une lon- 
gueur d'onde de lumiere incidents monochromatlque a une longueur d'onde donnee, divisee par I'indice 
de refraction de la plaque (60), la iargeur des pistes etant proportionnee pour four nir un retard de phase 
local du front d'onde selon une fonction predetermines maintenue a environ 1/20 de la longueur d'onde 
de la lumiere monochromatique sur Pouverture pour effectuer une redistribution de la micro-structure du 
front d'onde. 

37. Systeme selon la revendication 36, dans lequel la lumiere monochromatique est situee dans la region de- 
mission de la lumiere ultra-violette, dans lequel les pistes (70) sont concentriques et amenagees en se- 
quences penodiques dans tesquelles les hauteurs varient progressivement, et dans lequel les largeurs 
de piste sont au minimum de I'ordre de 1 micron. 

38. Systeme selon Tune quelconque des revendications 1 a 37, dans lequel il y a une fonction pupille compre- 
nant six zones annulalres (80-85) pour aocrottre la profondeur de focaiisation, et dans lequel les pistes 
ou patters (68) sont amenages en anneaux (70) ayant B pistes par anneau nominal et variant en paliers 
de retard optique par increments de 1 /8 de longueur d'onde, de 0 a 7/8 de hauteur d'onde et le dif ferentiel 
maximal de hauteur des pistes est d'environ 0,427 micrometres. 

39. Systeme selon I'une quelconque des revendications 1 a 38, dans lequel les paliers (70) sont def inis par 
des couches de silice tranamettrices de la lumiere deposees sur un substrat transmetteur de ta lumiere 
(64). 

40. Systeme selon la revendication 39, dans lequel les paliers (70) sont deflnls par des couches de profon- 
deurs variables retirees de la face nominale du substrat transmetteur de lumiere (201). 

41. Systeme selon Tune quelconque des revendications 1 a 40, dans lequel le moyen a grille de transmission 
(60) comprend au moins une plaque de phase comprenant un element holographique fonctionnant en re- 
gime de Bragg et fonctionnant aussi comme une asp here pour compenser ('aberration residuelle des ele- 
ments refractifs. 

42. Systeme selon I'une quelconque des revendications 1 a 41, dans lequel ladite au moins une plaque de 
phase (60) comprend un moyen de def inir un element de transmission distribue sur toute une surface et 
compensant ('aberration de type spherique et les aberrations non spheriques. 

43. Systeme selon la revendication 42, dans lequel les aberrations non spheriques comprennent une aberra- 
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tlon chromatique. 

44. Systeme selon la revendication 43, dans lequel aberration chromatique cumulee des elements ref ractifs 
(58, 62) est positive, et cede du moyen a grille de transmission (60) est negative, au moins a une longueur 
d'onde select ionnee. 

45. Systeme selon la revendication 43, dans lequel la plural rte de lentilles refractives (58, 62) ont, en combi- 
naison, une dispersion chromatique negative, et le moyen a grille de transmission (60) a une courbe de 
puissance a base positive qui e'oppose mats qui realise essentiellement une compensation de la disper- 
sion chromatique des lentilles refractives. 

46. Systeme selon I'une quelconque des revendlcatfons 43 a 45, dans lequel te moyen d'lllumlnatlon mono- 
chromatique (10) comprend un laser exclmer (12) ayant un etaJement chromatique compense par la pla- 
que de phase correct rice (60). 

47. Systeme selon I'une quelconque des revindications 1 a 46, qui comprend au moins deux plaques de pha- 
se (60) montees en serie le long du systems optique. 

48. Systeme selon I'une quelconque des revendications 1 a 47, comprenant une premiere structure de grille 
de transmission (66) deflnie par tedrt moyen a grille de transmission (60) ; une seconds structure de grille 
de transmission (66) decatee de la premiere structure de grille de transmission (68) ; et un second moyen 
a source de lumiere chromatique (90) d*une seconde longueur d'onde qui illumine la seconde structure 
de gritte de transmission pour aligner I'objet (52) illumine. 

49. Systeme selon ia revendication 48 dans lequel le premier motif de grille de transmission (68) est def Ini 
par une pluralle de pistes concentriques (70) dans une region Interieure dudlt moyen a grille de trans- 
mission (60), etdans lequel la seconde structure de grille de transmission (88) est un motif an nulalre dis- 
pose autour de la region interieure. 

50. Systeme selon la revendication 49, dans lequel la premiere et la seconde structures de grille de trans- 
mission comprennent chacune plusieurs anneaux concentriques (68, 88) definis chacun par une progres- 
sion de palters de hauteurs differentes (70) sur un substrat transmetteur (64). 

51. Systeme selon la revendication 50, dans lequel le premier faisceau lumineux est situe dans la region de 
ta lumiere ultra-viotette, et dans lequel te second moyen a source de lumiere monochromatique (90) ge- 
nere un faisceau lumineux situe dans la region de la lumiere rouge, et dans lequel le second moyen a 
source de lumiere monochromatique et la seconde structure de grille de transmission (88) fournissent 
un faisceau lumineux de reference concentre avec precision sur un plan de I'objet pour I'lmage deflnie 
par le premier faisceau lumineux flluminant et ta premiere structure de grille de transmission (66). 

52. Systeme selon la revendication 51, comprenant un moyen aspherlque (93, 94) dispose le long de la tra- 
jectoire optique de ce systeme pour donner une forme de puptUe annulaire a la lumiere de la seconde 
source de lumiere chromatique (90), le diametre de cette pupille correspondant a cetut de la seconde 
structure de grille de transmission (88). 
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